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SUMMARY 
         This study was designed to monitor the morphological and 
biochemical development of the reproductive tract of the Nubian bucks in 
relation to puberty. Thirty two (32) Nubain male kids were allotted to this 
study. Their ages ranged between 1 day and 24 weeks old, and body 
weights of 2.3-13.5 kg. Data collected from these animals included, body 
weight (BW), heart girth (HG), scrotal circumference (SC) and penile 
separation from prepuce (PS). 
         Blood samples were collected from the jugular vein twice from each 
animal, before hCG injection and 1 hour after hCG treatment for 
determination of testosterone, LH, FSH and prolactin (PRL) level in the 
peripheral circulation. 
         These animals were slaughtered at intervals of two weeks starting 
from one day old up to 24 weeks of age. Tissue samples were taken from 
the testis, epididymis, ductus deferens and root of the penis and processed 
for histological and ultrastructural studies. 
         The boundary tissue of the newly forming seminiferous tubule 
adhered closely to the basal laminae. It consisted of one continuous layer 
of myoid cells, the outer surface of which was covered by scattered 
fibroblasts; many collagenous fibers intermingled with the cellular 
components. 
         An ultrastructural study of the boundary tissue of the seminiferous 
tubule of the Nubian bucks revealed that it consisted of three layers: inner 
fibrous, middle and outer cellular.  
 
 xiii
         A gradual increase in the diameter of the tubules and epithelial 
height continued with increase of age. The seminiferous tubules at week 
one were lined by two layers of epithelia; spermatogonia and Sertoli cells 
in the basal layer, and primary spermatocytes in the second layer. 
Spermatocytes number has shown an increase with age. 
  
         Based on the appearance of spermatozoa in the lumina of the 
seminiferous tubules, and penile separation and attainment of maximal 
hormonal (testosterone, LH, FSH and PRL) levels, puberty age was 
reached between weeks 18-20.  
         The Sertoli cells were rounded or oval in shape with small amounts 
of cytoplasm. The nuclei were irregularly round in shape and occupied 
most of the cytoplasm.   
         Clusters of Leydig cells were seen in the intertubular tissue. The 
nucleus was oval or rounded occupied most of the cytoplasm and showed 
a dense heterochromatin layer on the inner nuclear surface. 
         Morphologically, three cell types were identified in the epididymis: 
principal, apical and basal cells. The lining epithelium of the head and 
both segments of the tail consisted of high columnar principal cells and 
basal pyramidal cells. The principal columnar cells were the main 
component of the epithelial lining. They had elongate nuclei which were 
occasionally lobulated and occupied the middle parts of cells. The 
pyramidal cells were densely stained and had irregular nuclei. 
Interdigitations of apposed plasma membranes and extensive tight 
junctions were noted. Abundant mitochondria, well developed Golgi 
Complex, profiles of RER and electron lucent material were seen. 
 
         The tubules of the body of the epididymis were surrounded by 
smooth muscle fibers which amounted to about 10 layers in thickness. 
 xiv
The tubular diameter was 211 µm and it increased with age. They were 
lined by simple columnar epithelium. Their lateral plasma membranes 
were straight and held together by desmosomes, macula adherens, while 
the luminal border was equipped with a few microvilli.  The nucleus was 
elongate.  The cytoplasm was rich in organelles. 
 
 The tubular diameter of the ductus deferens was 3161 µm and the 
epithelial height was 56-103 µm. Both of them increased with age. It was 
constituted of four layers; mucosa, sub- mucosa, muscular layer and 
adventitia. The ductus deferens was lined with pseudostratfied columnar 
epithelium. The tall cells extended from the base to lumen whereas the 
basal cells rested on the basal lamina. The tall cells possessed elongate 
nuclei which occupied the middle parts of the cells. The basal cells were 
small, dense and irregular in shape. 
 
 The diameter of the penis was 6988 µm wide. The skin was closely 
adherent to the underlying tissue in which Meissner's corpuscles were 
seen.  An inner folded band encircled the corpus spongiosum penis and 
corpus cavernosum penis and consisted of about ten layers, mainly 
cuboidal cells in the center, covered on either side by columnar cells and 
overlying layer of connective tissue containing a band of smooth muscle 
fibers and collagen fibers. Penile separation started slightly at 12 weeks 
of age and continued with advancing age till it was completely achieved 
between 22 and 24 weeks of age.   
After hCG injection, the plasma level of testosterone was 
significantly higher (p< 0.01) than the level of the hormone before hCG 
treatment. Significant increase was also observed in LH values after hCG 
injection (P< 0.01).  
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Plasma FSH showed one peak at 8 weeks of age in the sample 
taken before hCG injection. This was followed in 2 weeks time by the 
first elevation of LH.  
Plasma PRL concentration showed a gradual increase with age 
reaching the peak at 18 weeks. 
The study was undertaken to correlate the body weight (Bw), 
scrotal circumference (SC), Heart Girth Circumference (HG), testicular 
descent into scrotum and penile separation from prepuce to the sexual 
maturity. A positive correlation was evident and it was especially so 
between the onset of spermatogenesis and penile separation. 
A good correlation has been established between the levels of the 
reproductive hormones and the morphological maturation of the 
reproductive tract. The first surge in the levels of these hormones 
(occurred between weeks 10 and 12) coincided with the increase in the 
diameters of the seminiferous tubules, the epididymis, ductus deferens 
and the penis. The first appearance of secondary spermatocytes and 
initiation of penile separation occurred during this period. The second 
surge was associated with the first appearance of spermatids, spermatozoa 
and completion of penile separation, which occurred between weeks 20 
and 24.  
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  ﻤﻠﺨﺹ  ﺍﻻﻁﺭﻭﺤﺔ
  ﺍﻟﺘﻨﺎﺴﻠﻲ  ﻓﻲ  ﻫﺫﺍ  ﺍﻟﺒﺤﺙ  ﺼﻤﻡ  ﻟﺩﺍﺭﺴﺔ  ﺍﻟﻨﻤﻭ  ﺍﻟﺸﻜﻠﻲ  ﻭﺍﻟﺒﻴﻭﻜﻴﻤﺎﺌﻲ  ﻓﻲ  ﺍﻟﺠﻬﺎﺯ 
ﺃﺠﺭﻴﺕ  ﺍﻟﺩﺭﺍﺴﺔ  ﻓﻲ  ﺃﺜﻨﻴﻥ  ﻭﺜﻼﺜﻴﻥ  .   ﻭﻋﻼﻗـﺔ  ﻫـﺫﺍ  ﺍﻟﻨﻤﻭ  ﺒﺎﻟﺒﻠﻭﻍ  ﺍﻟﺘﻴﻭﺱ  ﺍﻟﻨﻭﺒﻴﻪ 
ﻭﻡ ﺤﺘﻰ  ﺃﺭﺒﻌﺔ  ﻭﻋﺸﺭﻴﻥ  ﺃﺴﺒﻭﻋﺎﹰ ، ﻭﺘﺭﺍﻭﺤـﺕ  ﻤﻥ ﺠﺩﻴﺎﻥ  ﺍﻟﻤﻌﺯ  ﺍﺒﺘﺩﺍﺀ  ﻤﻥ  ﻋﻤﺭ  ﻴ 
  ﺸﻤﻠﺕ  ﺍﻟﻤﻌﻠﻭﻤـﺎﺕ  ﺍﻟﺘـﻲ  ﺠﻤﻌـﺕ  ﻭﺯﻥ  .  ﻜﻴﻠﻭﺠﺭﺍﻤﺎﹰ ٥,٣١ ﻭ ٣,٢ﺃﻭﺯﺍﻨﻬﺎ  ﺒﻴﻥ  
  .ﺍﻟﺤﻴﻭﺍﻥ  ﻭﻤﺤﻴﻁ  ﺍﻟﺼﺩﺭ  ، ﻭﻤﺤﻴﻁ  ﻜﻴﺱ  ﺍﻟﺼﻔﻥ ﻭﺇﻨﻔﺼﺎل ﺍﻟﻘﻠﻔﺔ  ﻋﻥ  ﺍﻟﻘﻀﻴﺏ
ﺍﻷﻭﻟﻰ  ﺃﺨﺫﺕ ﻋﻴﻨﺎﺕ  ﺍﻟﺩﻡ  ﻤﻥ  ﺍﻟﻭﺭﻴﺩ  ﺍﻟﻭﺩﺍﺠﻲ ﻤﺭﺘﻴﻥ  ﻤﻥ  ﻜل  ﺤﻴﻭﺍﻥ ، ﺍﻟﻌﻴﻨﺔ  
ﻭﺍﻟﺜﺎﻨﻴﺔ  ﺒﻌﺩ  ﺴﺎﻋﻪ   (  GChﻫـﺭﻤﻭﻥ ﻤﺸﻴﻤﺔ ﺍﻟﻤﺭﺃﺓ ﺍﻟﺤﺎﻤل )ﻗﺒل  ﺤﻘﻥ ﺍﻟﻜﻭﺭﻴﻭﻟﻭﻥ 
ﻭﺍﺤﺩﺓ  ﻤﻥ  ﺍﻟﺤﻘﻥ  ، ﻭﺫﻟﻙ  ﻟﺘﺤﺩﻴﺩ  ﻤﺴﺘﻭﻴﺎﺕ  ﻫﺭﻤﻭﻨﺎﺕ  ﺍﻟﺒﺭﻭﻻﻜﺘﻴﻥ  ﻭﻫﺭﻤﻭﻥ  ﺍﻟﺤﺎﺜﺔ  
ﺫﺒﺤﺕ  .  ﺭﻭﻥﻴﺘ ﻭﻫﺭﻤﻭﻥ  ﺍﻟﺘﺴﺘﻭﺴ)HL( ﻭﻫﻭﺭﻤﻭﻥ ﺍﻟﺤﺎﺜﺔ  ﺍﻟﻠﻭﺘﻴﻨﻴﺔ )HSF(  ﺍﻟﺠﺭﺍﺒﻴﻪ
 ﻋﻠﻰ  ﻓﺘﺭﺍﺕ  ﺘﺒﻠﻎ  ﻜل  ﻤﻨﻬﺎ  ﺃﺴﺒﻭﻋﻴﻥ  ﺒﺩﺀﺍﹰ  ﺒﺎﻟﻴﻭﻡ  ﺍﻷﻭل  ﻤﻥ  ﺍﻟﻌﻤﺭ  ﻫﺫﻩ  ﺍﻟﺤﻴﻭﺍﻨﺎﺕ 
ﺃﺨﺫﺕ  ﻋﻴﻨﺎﺕ  ﻤﻥ  ﻜل  ﺤﻴﻭﺍﻥ  ﻟﻠﺩﺭﺍﺴﺔ  .   ﺒﻌﻤﺭ  ﺃﺭﺒﻌﺔ  ﻭﻋﺸﺭﻴﻥ  ﺃﺴﺒﻭﻋﺎﹰﻭﺇﻨﺘﻬﺎﺀ
ﺸﻤﻠﺕ  ﺍﻟﻌﻴﻨﺎﺕ  ﺃﻨﺴﺠﺔ  ﻤﻥ  ( ﺒﺎﻟﻤﺠﻬﺭ  ﺍﻟﻀﻭﺌﻲ  ﻭﺍﻟﻤﺠﻬﺭ  ﺍﻻﻟﻜﺘﺭﻭﻨﻲ )ﺍﻟﻤﺠﻬﺭﻴﺔ  
 .ﺭ ﺍﻟﻘﻀﻴﺏﺍﻟﺨﺼﻴﺔ  ﻭ ﺍﻟﺒﺭﺒﺦ ، ﻭﺍﻻﺴﻬﺭ ، ﻭﺠﺯ
 ﺍﻟﺘﻲ  ﻫﻲ  ﻓﻲ  ﻁﻭﺭ  ﺍﻟﺘﻜﻭﻴﻥ  ، ﻴﻠﺘﺼﻕ   ﺍﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻲﻴﺒﺎﺕﺒﻨﺍﻟﻨﺴﻴﺞ  ﺍﻟﺫﻱ  ﻴﺤﻴﻁ  ﺒﺎﻟ
ﺍﻟﺴﻁﻭﺡ  . ﻭﺜﻴﻘﺎﹰ  ﺒﺎﻟﺼﻔﺎﺌﺢ  ﺍﻟﻘﺎﻋﺩﻴﺔ ، ﻭﻴﺘﻜﻭﻥ ﻤﻥ  ﻁﺒﻘﺔ  ﻤﺘﺼﻠﺔ  ﻤﻥ  ﺍﻟﺨﻼﻴﺎ ﺍﻟﺘﺼﺎﻗﺎﹰ 
 ﻑ  ﻭﺍﻟﻴﺎﻑ  ﻤﻐﺭﺍﻭﻴﺔ  ﺒﻴﻨﻬﺎ  ﻤﻜﻭﻨﺎﺕ ﺎﻴﻟﻻﺍ  ﻨﻴﺎﺕﺎﺒﺍﻟﺨﺎﺭﺠﻴﺔ  ﻟﻬﺫﻩ  ﺍﻟﺨﻼﻴﺎ  ﻤﻐﻁﺎﺓ  ﺒ
 .ﺨﻠﻭﻴﺔ
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ﻅﻬﺭ  ﻓﻲ  ﺍﻟﺠﺩﻴﺎﻥ  ﺍﻟﻨﻭﺒﻴﺔ  ﺘﺒﺎﻟﻨﺒﻴﺒﺎﺕ ﺍﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻲ  ﻪ  ﺍﻟﻤﺤﻴﻁﻴﺔﺩﺭﺍﺴﺔ  ﺍﻟﺒﻨﻴﻪ  ﻟﻠﻨﺴﻴﺠ
ﺍﻟﻁﺒﻘﺔ  ﺍﻟﺩﺍﺨﻠﻴﺔ  ﺍﻟﻠﻴﻔﻴﺔ ، ﻭﺍﻟﻁﺒﻘﺔ  :  ﺃﻥ  ﻫﺫﺍ  ﺍﻟﻨﺴﻴﺞ  ﻴﺘﻜﻭﻥ  ﻤﻥ  ﻁﺒﻘﺎﺕ  ﺜﻼﺙ
  .ﺍﻟﻭﺴﻁﻰ  ﻭﺍﻟﻁﺒﻘﻪ  ﺍﻟﺨﺎﺭﺠﻴﺔ  ﺍﻟﺨﻠﻭﻴﺔ
، ﻭﻓﻲ  ﺃﺭﺘﻔﺎﻉ  ﺍﻟﺨﻼﻴﺎ  ﻟﻠﻤﻨﻲ ﺒﺎﻟﻨﺒﻴﺒﺎﺕ ﺍﻟﻨﺎﻗﻠﺔ ﻫﻨﺎﻙ  ﺍﺯﺩﻴﺎﺩ  ﻤﻀﻁﺭﺩ  ﻓﻲ  ﻗﻁﺭ  
  ﻤﻥ  ﻓﻲ  ﻋﻤﺭ  ﺃﺴﺒﻭﻉ  ﻤﺒﻁﻨﺔ  ﺒﻁﺒﻘﺘﻴﻥﺍﻻﻨﺒﻴﺒﺎﺕ ﺍﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻲ . ﻤﺭﺍﻟﻅﻬﺎﺭﻴﺔ  ﺒﺘﻘﺩﻡ  ﺍﻟﻌ
ﺔ  ،  ﻭﺍﻟﺨﻼﻴﺎ  ﺍﻟﻨﻁﻔﻴ ﺍﻟﻨﻁﻑ ،  ﻓﻲ  ﺍﻟﻁﺒﻘﺔ  ﺍﻟﻘﺎﻋﺩﻴﺔ، ﻭﺒﺫﻭﺭ ﺨﻼﻴﺎ  ﺴﻴﺭﺘﻭﻟﻲ: ﺍﻟﺨﻼﻴﺎ  
ﻴﺎﺩ  ﻓﻲ  ﻋﺩﺩ  ﺍﻟﺨﻼﻴﺎ  ﺍﻟﻨﻁﻔﻴﺔ  ، ﻭﺒﺘﻘﺩﻡ  ﺍﻟﻌﻤﺭ  ﻜﺎﻥ ﻫﻨﺎﻙ  ﺇﺯﺩﺍﻷﻭﻟﻴﺔ ﻓﻲ  ﺍﻟﻁﺒﻘﺔ  ﺍﻟﺜﺎﻨﻴﺔ
 .ﺍﻷﻭﻟﻴﺔ
 ﺃﺴﺒﻭﻋﺎﹰ  ، ﺒﻨﺎﺀ  ٠٢- ٨١  ﻓﻲ  ﻋﻤﺭ  ﺕﻤﺭﺤﻠﺔ  ﺍﻟﺒﻠﻭﻍ  ﻓﻲ  ﺍﻟﺠﺩﻴﺎﻥ  ﺍﻟﻨﻭﺒﻴﻪ  ﺤﺩﺜ
ﺍﻻﻨﺒﻴﺒﺎﺕ ﺍﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻲ،  ﻭﺇﻨﻔﺼﺎل    ﻓﻲ  ﺃﺠﻭﺍﻑ  (ﻨﺎﺕ ﺍﻟﻤﻨﻭﻴﺔﺍﺍﻟﺤﻴﻭ )ﻋﻠﻰ  ﻭﺠﻭﺩ  ﺍﻟﻨﻁﺎﻑ
ﻫـﺭﻤﻭﻨﻰ ﺍﻟﺤﺎﺜﺔ   )ﺍﻟﻬﺭﻤﻭﻨﺎﺕ ﻴﺎﺕ ﻤﺴﺘﻭﺍﻟﻘﻠﻔﺔ ﻋﻥ ﺍﻟﻘﻀﻴﺏ، ﻭﺍﻟﻭﺼﻭل ﺇﻟﻰ ﺃﻋﻠﻰ 
 ( ﺍﻟﺘﺴﺘﻭﺴﺘﻴﺭﻭﻥ  ﻭﺍﻟﺠﺭﺍﺒﻴﺔ ﻭﺍﻟﻠﻭﺘﻴﻨﻴﺔ
ﺨﻼﻴﺎ  ﺴﻴﺭﺘﻭﻟﻲ  ﺍﺘﺨﺫﺕ  ﺍﺸﻜﺎﻻﹰ  ﻤﺴﺘﺩﻴﺭﺓ  ﺃﻭ ﺒﻴﻀﻭﻴﺔ ﺍﻟﺸﻜل ،  ﻭﺒﻬﺎ  ﺴﻴﺘﻭﺒﻼﺯﻡ  
 .ﻗﻠﻴل ،  ﻨﻭﺍﻫﺎ  ﻤﺴﺘﺩﻴﺭﺓ  ﺒﻐﻴﺭ  ﺍﻨﺘﻅﺎﻡ  ﻭﺘﺤﺘل  ﺠل  ﺍﻟﺴﻴﺘﻭﺒﻼﺯﻡ
ﺍﻟﻨﺴﻴﺞ )ﺍﻟﻨﺒﻴﺒﺎﺕ ﻴﻥ  ﻓﻲ  ﺍﻟﻨﺴﻴﺞ  ﺒ(  ﻟﻴﺩﺝﺨﻼﻴﺎ  )ﺘﻭﺠﺩ  ﻤﺠﻤﻭﻋﺎﺕ ﻤﻥ  ﺍﻟﺨﻼﻴﺎ  ﺍﻟﺒﻴﻨﻴﺔ 
ﻤﻥ ﺍﻟﻜﺭﻭﻤﺎﺘﻴﻥ ﻁﺒﻘﺔ ﺘﺩﻴﺭﺓ  ﻭﺘﺤﺘل  ﻤﻌﻅﻡ  ﺍﻟﺴﻴﺘﻭﺒﻼﺯﻡ، ﻭﺒﻬﺎ ﺍﻟﻨﻭﺍﺓ ﺒﻴﻀﻭﻴﺔ  ﺃﻭ ﻤﺴ. (ﺍﻟﺨﻼﻟﻲ
 . ﻓﻲ  ﺍﻟﺴﻁﺢ  ﺍﻟﺩﺍﺨﻠﻲ(ﻏﻴﺭ ﺍﻟﺤﻘﻴﻘﻲ )ﻜﺜﻴﻑﺍﻟ
ﺍﻟﺨﻠﻴﺔ  ﺍﻟﺭﺌﻴﺴﺔ ،  :  ﻤﻥ  ﺍﻟﻨﺎﺤﻴﺔ  ﺍﻟﺸﻜﻠﻴﺔ  ﻫﻨﺎﻙ  ﺜﻼﺜﺔ  ﺃﻨﻭﺍﻉ  ﻤﻥ  ﺍﻟﺨﻼﻴﺎ  ﻓﻲ  ﺍﻟﺒﺭﺒﺦ 
ﻬﺎﺭﺓ  ﺍﻟﻤﺒﻁﻨﺔ  ﻟﻠﺭﺃﺱ  ﻭﻗﻁﺎﻋﻲ ﺍﻟﺫﻴل ﻫﻲ ﺨﻼﻴﺎ  ﺍﻟﻅ. ﻟﺨﻠﻴﺔ  ﺍﻟﻘﺎﻋﺩﻴﺔﺍﻟﺨﻠﻴﺔ  ﺍﻟﻘﻤﻴﺔ،  ﻭﺍ
ﺍﻟﺨﻼﻴﺎ ﺍﻟﺭﺌﻴﺴﻴﺔ  ﺍﻟﻌﻤﻭﺩﻴﺔ  ﻫﻲ  .  ﻤﻥ  ﺍﻟﺨﻼﻴﺎ  ﺍﻟﺭﺌﻴﺴﻴﺔ، ﻭﺨﻼﻴﺎ ﻗﺎﻋﺩﻴﺔ ﻫﺭﻤﻴﺔﻋﻤﻭﺩﻴﺔ  ﻁﻭﻴﻠﺔ
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ﺍﻟﻤﻜﻭﻥ  ﺍﻟﻐﺎﻟﺏ  ﻟﻠﻅﻬﺎﺭﺓ  ﺍﻟﻤﺒﻁﻨﺔ ،  ﻭﻟﻬﺎ  ﻨﻭﻯ  ﻤﻁﻭﻟﺔ  ،  ﺃﺤﻴﺎﻨﺎﹰ  ﻤﻔﺼﺼﺔ ﻭﺘﺘﻭﻀﻊ  ﻓﻲ  
 .ﻤﻨﺘﺼﻑ  ﺍﻟﺨﻠﻴﺔ 
ﺒﻴﻥ  ﺍﻻﺴﻁﺢ  ﺍﻟﻤﺘﻘﺎﺒﻠﺔ  . ﺍﻟﺨﻼﻴﺎ  ﺍﻟﻬﺭﻤﻴﺔ  ﺘﺘﺼﺒﻎ  ﺒﺩﺭﺠﺔ  ﻜﺜﻴﻔﺔ  ﻭﻨﻭﺍﻫﺎ  ﻏﻴﺭ  ﻤﻨﺘﻅﻤﺔ 
  ﺠﻭﻟﺠﻲ ، ﺠﻬﺎﺯ  ﻜﺜﻴﺭﺓ ،  ﻭﻤﺘﻘﺩﺭﺍﺕ. ﻤﻭﺍﺼل ﻤﺤﻜﻤﺔﻟﻬﺫﻩ  ﺍﻟﺨﻼﻴﺎ  ﺘﻭﺠﺩ  ﺘﺼﺒﻌﺎﺕ  ﻭ
 ﺠﺴﻡ ﺍﻟﺒﺭﺒﺦ  ﻨﺒﻴﺒﺎﺕ .  ﺘﻭﺠﺩ ﺩﺍﺨل ﻫﺫﻩ ﺍﻟﺨﻼﻴﺎﻭﺸﺒﻜﺔ ﺃﻨﺩﻭﺒﻼﺯﻤﻴﺔ ﺨﺸﻨﺔ، ﻭﻤﻭﺍﺩ ﺩﻫﻨﻴﺔ ﺤﺭﺓ
 ١١٢ﻴﺏ ﺍﻟﺫﻱ ﻴﺒﻠﻎ ﺎﺀ ، ﻭﻗﻁﺭ ﺍﻟﻨﺒﻤﻠﺴﻟ ﺃﻴﺔﻌﻀﻠﺍﻻﻟﻴﺎﻑ ﺍﻟﻲ  ﻋﺸﺭ ﻁﺒﻘﺎﺕ ﻤﻥ ﻤﺤﺎﻁﺔ  ﺒﺤﻭﺍﻟ
 ﻤﺒﻁﻨﺔ ﺒﻅﻬﺎﺭﺓ ﻋﻤﻭﺩﻴﺔ  ﺒﺴﻴﻁﺔ ، ﺍﻟﻐﺸﺎﺀ ﺍﻟﺨﻠﻭﻱ ﺍﻟﺠﺎﻨﺒﻲ  ﻨﺒﻴﺒﺎﺕ. ﻤﻴﻜﺭﻭﻥ  ﻴﺯﺩﺍﺩ  ﺒﺘﻘﺩﻡ  ﺍﻟﻌﻤﺭ
  (ﺍﻟﺤﺭﻩ)، ﺒﻴﻨﻤﺎ  ﺍﻟﺤﺎﻓﺔ  ﺍﻟﺠﻭﻓﻴﺔﺎﺀ  ﺍﻟﻤﺠﺎﻭﺭ  ﺒﻭﺍﺴﻁﺔ  ﺠﺴﻴﻡ  ﺭﺍﺒﻁﻟﻬﺫﻩ  ﺍﻟﺨﻼﻴﺎ  ﻴﺭﺘﺒﻁ  ﺒﺎﻟﻐﺸ
، ﻭﺍﻟﺴﺘﻴﻭﺒﻼﺯﻡ ﻏﻨﻲ  ﻨﻭﻯ  ﻫﺫﻩ  ﺍﻟﺨﻼﻴﺎ  ﻤﺴﺘﻁﻴﻠﺔ. ﺎﺕﻼﻴﺎ  ﺘﺤﻤل  ﺒﻌﺽ  ﺍﻟﺯﻏﻴﺒﻟﻬﺫﻩ  ﺍﻟﺨ
 .ﺒﺎﻟﻌﻀﻴﺎﺕ
،  ﻤﻴﻜﺭﻭﻥ٣٠١ - ٦٥ ﻤﻴﻜﺭﻭﻥ ، ﻭﻅﻬﺎﺭﺓ  ﺃﺭﺘﻔﺎﻋﻬﺎ  ١٦١٣ﻗﻨﺎﺓ  ﺍﻷﺴﻬﺭ ﻟﻬﺎ  ﻗﻁﺭ ﻴﺒﻠﻎ   
   ،ﺍﻟﻤﺨﺎﻁﻴﺔ: ﺠﺩﺍﺭ  ﺍﻷﺴﻬﺭ ﻟﻪ ﺃﺭﺒﻊ ﻁﺒﻘﺎﺕ. ﻜﻼ ﺍﻟﻘﻁﺭ  ﻭﺃﺭﺘﻔﺎﻉ  ﺍﻟﻅﻬﺎﺭﺓ  ﻴﺯﺩﺍﺩﺍﻥ  ﺒﺘﻘﺩﻡ  ﺍﻟﻌﻤﺭ 
 ﻜﺎﺫﺒﺔ. ﺔﻘﻁﺒ  ﺒﻁﺎﻨﺔ  ﺍﻷﺴﻬﺭ  ﺘﺘﻜﻭﻥ  ﻤﻥ ﻅﻬﺎﺭﺓ  ﻋﻤﻭﺩﻴﺔ ﻤ.، ﻭﺍﻻﻀﺎﻓﻴﺔﻟﻌﻀﻠﻴﺔ، ﺍ ﺍﻟﻤﺨﺎﻁﻴﺔﺘﺤﺕ 
 ﺍﻟﺨﻼﻴﺎ  ﺍﻟﻘﺎﻋﺩﻴﺔ   ﻴﻠﺔ  ﺘﺘﻭﻀﻊ  ﻓﻲ  ﻤﻨﺘﺼﻑ  ﺍﻟﺨﻠﻴﺔ ﻭﺍﻤﺎﺍﻟﺨﻼﻴﺎ  ﺍﻟﻁﻭﻴﻠﺔ  ﻟﻬﺎ  ﻨﻭﻯ  ﻤﺴﺘﻁ
 . ﺼﻐﻴﺭﺓ  ﻭﻏﻴﺭ ﻤﻨﺘﻅﻤﺔﻓ
  ﺒﻤﺎ  ﺘﺤﺘﻪ    ﻭﺜﻴﻘﺎﹰﺍﻟﺘﺼﺎﻗﺎ ﻭﺍﻟﺠﻠﺩ  ﻴﻠﺘﺼﻕ(  ﻤﻴﻜﺭﻭﻥ٨٨٩٦)ﻗﻁﺭ  ﺍﻟﻘﻀﻴﺏ  ﻜﺒﻴﺭ    
 )renssieM(ﻤﻥ  ﻨﺴﻴﺞ  ﻭﻓﻴﻪ  ﺠﺴﻴﻤﺎﺕ  ﻤﺎﻴﺴﻨﺭ 
ﻋﻘﺏ  ﺤﻘﻥ ﻫﺭﻤﻭﻥ ﻤﺸﻴﻤﺔ  ﺍﻟﻤﺭﺃﺓ  ﺍﻟﺤﺎﻤل  ﻓﻲ  ﺍﻟﻭﺭﻴﺩ ﻴﺭﺘﻔﻊ  ﻤﺴﺘﻭﻯ  ﻫﺭﻤﻭﻥ   
ﻤﻘﺎﺭﻨﺔ  ﺒﻤﺴﺘﻭﻯ  ﺍﻟﻬﺭﻤﻭﻥ  ﻗﺒل  ﺍﻟﺤﻘﻥ  ﻭﻫﻨﺎﻙ ( 10.0<P)ﺍﻟﺘﺴﺘﻭﺴﺘﻴﺭﻭﻥ  ﺒﺩﺭﺠﺔ  ﻜﺒﻴﺭﺓ  
xix 
 ﺒﻌﺩ  ﺤﻘﻥ  ﻫﺭﻤﻭﻥ  (10.0≤P)ﻴﺔ ﻴﻀﺎﹰ  ﺯﻴﺎﺩﺓ  ﻤﻌﺘﺩﺓ  ﻓﻲ ﺘﺭﻜﻴﺯ ﻫﺭﻤﻭﻥ ﺍﻟﺤﺎﺜﺔ  ﺍﻟﻠﻭﺘﻴﻨﺃ
 .ﻤﺸﻴﻤﺔ  ﺍﻟﻤﺭﺃﺓ  ﺍﻟﺤﺎﻤل
ﻓﻲ  ﺍﻟﺒﻼﺯﻤﺎ  ﻴﺼل  ﺇﻟﻰ  ﺍﻟﺫﺭﻭﺓ  ﻋﻨﺩ  (  HSF)ﻤﺴﺘﻭﻯ  ﻫﺭﻤﻭﻥ  ﺍﻟﺤﺎﺜﺔ  ﺍﻟﺠﺭﺍﺒﻴﺔ    
 ﺃﺴﺎﺒﻴﻊ  ﻓﻲ  ﺍﻟﻌﻴﻨﺎﺕ  ﺍﻟﺘﻲ  ﺍﺨﺫﺕ  ﺒﻌﺩ  ﺤﻘﻥ  ﻫﺭﻤﻭﻥ  ﻤﺸﻴﻤﺔ ﺍﻟﻤﺭﺍﺓ  ﺍﻟﺤﺎﻤل ﻭﺒﻌﺩ  ٨ﻋﻤﺭ  
ﺘﻔﺎﻉ  ﻓﻲ  ﻤﺴﺘﻭﻯ ﻫﺭﻤﻭﻥ ﺍﻟﺤﺎﺜﺔ  ﺃﻭل  ﺃﺭ  ﻫﺫﺍ  ﺍﻟﻬﺭﻤﻭﻥ ﻴﻅﻬﺭ ﺤﻘﻥﺃﺴﺒﻭﻋﻴﻥ  ﻤﻥ  
 .ﺍﻟﻠﻭﺘﻴﻨﻴﺔ
،  ﺘﻴﻥ  ﻓﻲ  ﺍﻟﺒﻼﺯﻤﺎ  ﺒﺘﻘﺩﻡ ﺍﻟﻌﻤﺭﻫﻨﺎﻙ  ﺇﺯﺩﻴﺎﺩ  ﻤﻀﻁﺭﺩ  ﻓﻲ  ﺘﺭﻜﻴﺯ  ﺍﻟﺒﺭﻭﻻﻜ  
 . ﺃﺴﺒﻭﻋﺎﹰ٨١ﻭﻴﺼل  ﺍﻟﺘﺭﻜﻴﺯ  ﺃﻋﻠﻰ  ﻤﺴﺘﻭﻴﺎﺘﻪ   ﻓﻲ  ﻋﻤﺭ  
ﻫﺫﻩ  ﺍﻟﺩﺭﺍﺴـﺔ  ﺃﺠﺭﻴﺕ  ﻟﺘﺒﻴﺎﻥ  ﺍﻟﻌﻼﻗـﻪ  ﺒﻴﻥ  ﺍﻟﺒﻠﻭﻍ  ﺍﻟﺠﻨﺴﻲ  ﻤﻥ  ﺠﻬـﺔ ،   
، ﻭﻨﺯﻭل  ﺍﻟﺨﺼﻴﺔ  ﺇﻟﻰ  ﺍﻟﺼﻔﻥ ، ﻭﺇﻨﻔﺼﺎل  ﺍﻟﺼﻔﻥ، ﻭﻤﺤﻴﻁ  ﺍﻟﺼﺩﺭﻤﺤﻴﻁ  ﻭﻭﺯﻥ  ﺍﻟﺠﺴﻡ ، ﻭ
ﺒﻴﻥ  ﺍﻟﺒﻠﻭﻍ  ﺍﻟﺠﻨﺴﻲ  ﻭﺜﻴﻘﺔ  ﻭﻗﺩ  ﻭﺠﺩﺕ  ﻋﻼﻗﺔ  . ﻤﻥ ﺍﻟﺠﻬﺔ ﺍﻷﺨﺭﻯﺍﻟﻘﻠﻔﺔ  ﻋﻥ  ﺍﻟﻘﻀﻴﺏ
 .ﻭﻫﺫﻩ  ﺍﻟﻤﻌﺎﻟﻡ  ،  ﻭﺨﺼﻭﺼﺎﹰ  ﺒﻴﻥ  ﺘﻜﻭﻥ  ﺍﻟﻨﻁﺎﻑ  ﻭﺇﻨﻔﺼﺎل  ﺍﻟﻘﻠﻔﺔ  ﻋﻥ  ﺍﻟﻘﻀﻴﺏ
 ﺴﺘﻭﻴﺎﺕ ﺍﻟﻬﺭﻤﻭﻨﺎﺕ  ﺍﻟﺘﻨﺎﺴﻠﻴﺔ  ﺔ  ﺒﻴﻥ  ﻤﺃﻜﺩﺕ  ﺍﻟﺩﺭﺍﺴﺔ ﻋﻠﻰ  ﻭﺠﻭﺩ  ﻋﻼﻗﺔ  ﻗﻭﻴ  
  ﺃﻭل ﺃﺭﺘﻔﺎﻉ ﻤﻌﺘﺩ  ﻓﻲ  ﻤﺴﺘﻭﻴﺎﺕ ﻫﺫﻩ   ﻴﺤﺩﺙ.ﻭﺍﻟﻨﻀﻭﺝ  ﺍﻟﺸﻜﻠﻲ  ﻟﻠﺠﻬﺎﺯ  ﺍﻟﺘﻨﺎﺴﻠﻲ 
ﻗﻁﺭ  ،  ﻭﻴﺘﺯﺍﻤﻥ  ﻤﻊ  ﺇﺯﺩﻴﺎﺩ ﻲ  ﻋﺸﺭﺍﻟﻬﺭﻤﻭﻨﺎﺕ ﺒﻴﻥ  ﺍﻷﺴﺒﻭﻉ  ﺍﻟﻌﺎﺸﺭ  ﻭﺍﻷﺴﺒﻭﻉ  ﺍﻟﺜﺎﻨ
ﺭ  ﻟﻠﻨﻁﺎﻑ  ﺍﻟﺜﺎﻨﻭﻴـﺔ   ﺃﻭل  ﻅﻬﻭ.،  ﻭﺍﻟﻘﻀﻴﺏﺴﻬﺭ، ﻭﺍﻻ، ﻭﺍﻟﺒﺭﺒﺦ ﺍﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰﺒﺎﺕﺍﻟﻨﺒﻴ
 ﺍﻻﺭﺘﻔﺎﻉ  ﺍﻟﺜﺎﻨﻲ  ﻓﻲ .   ﻭﺇﻨﻔﺼﺎل  ﺍﻟﻘﻠﻔـﺔ  ﻋﻥ  ﺍﻟﻘﻀﻴﺏ  ﻴﺤﺩﺜـﺎﻥ   ﻓﻲ  ﻫﺫﻩ  ﺍﻟﻤﺭﺤﻠﺔ
 ﺃﻭل  ﻅﻬﻭﺭ  ﺃﺭﻭﻤﺎﺕ  ﺍﻟﻨﻁﻑ ، ﻭﺍﻟﻨﻁﻑ،  ﻭﺇﻜﺘﻤﺎل  ﻤﺴﺘﻭﻴﺎﺕ  ﺍﻟﻬﺭﻤﻭﻨﺎﺕ  ﻴﺘﺯﺍﻤﻥ  ﻤﻊ
  ﺇﻨﻔﺼﺎل  ﺍﻟﻘﻠﻔﺔ ﻋﻥ  ﺍﻟﻘﻀﻴﺏ ،  ﻭﻴﺤﺩﺙ  ﻜل  ﺫﻟﻙ  ﺒﻴﻥ  ﺍﻻﺴﺒﻭﻉ  ﺍﻟﻌﺸﺭﻴﻥ  ﻭﺍﻷﺴﺒﻭﻉ
  . ﺍﻟﺭﺍﺒﻊ ﻭﺍﻟﻌﺸﺭﻴﻥ
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CHAPTER ONE 
INTRODUCTION 
             The Sudan is predominantly an agricultural country with the 
largest livestock population in the Arab World and ranks second to 
Ethiopia in Africa.  
            Despite this large population there is an insufficient supply of 
milk and other animal products. This is mainly due to the poor 
feeding, poor management and prevalence of diseases. Goats play an 
important economic role in the livelihood of many Sudanese families. 
The local breeds of goats in Sudan embrace the Nubian, Desert, 
Nilotic dwarf and Taagari. The Nubian goat is recognized as the only 
specialized milk breed (Hassan and El Derani, 1990). 
            Goats are used as a representative of large animals for certain 
experimental purposes like studies on reproduction as the reproductive 
tracts of the male goat, ram and bull are essentially similar (Goyal, 
1985). Among these three species, male goats receive preference 
because, unlike rams, and bulls, are inexpensive and easier to handle 
for surgical manoeuvres (Goyal, Williams, Khalil, Vig and Malone, 
1999). 
            The reproductive tract of the male goat consists of testis, 
epididymis, ductus deferens, penis and the accessory sex glands 
(seminal vesicles, prostate and bulbo-urethral (Cowper's) gland). The 
male reproductive tract has been investigated histologically, 
ultrastructurally and histochemically in several species including bull 
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(Abdel-Raouf, 1960; Mohammed, 2005), camel (Ali, Tingari and 
Moniem, 1978; Tingari and Moniem, 1979; Tingari, Ramos, Gaili, 
Rahma, and Saad, 1984), rat (Pogach, Giglio, Nathan, and Huang, 
1993) and domestic fowl (Tingari, 1972).  The goat in general 
received little or no attention. In spite of the importance of the Nubian 
goat, there is no reference in the literature dealing with the 
characteristics pertaining to the morphological and physiological 
changes of the reproductive tract prior to the age of puberty. 
             The mammalian testis is an egg-shaped organ surrounded by a 
closely adherent tunica albuginea consisting of fibrocellular 
connective tissue. This is covered by the visceral layer of the tunica 
vaginalis, the mesothelium, and becomes thickened in the posterior 
aspect of the testis to form the mediastinum which divides the 
testicular pranchyma into pyramidal lobules within which numerous 
highly coiled, seminiferous tubules are contained (Davis, Langford, 
and Kirby, 1970; Arenas, Fremin, Fraile, and Paniagua, 1997) 
                The testes have two very vital functions; production of 
spermatozoa and secretion of the specific male hormone, testosterone. 
They are located outside of the body cavity in the scrotum. The latter 
is a loose pouch-like sac of skin that hangs behind the penis and 
contains as well, many nerves and blood vessels. It has a protective 
function and acts, as a climate control system for the testes. For 
normal sperm development, the testis must be at a temperature slightly 
cooler than that of the body temperature. Special muscles in the wall 
of the scrotum allow it to contract and relax, moving the testicles 
closer to the body for warmth and protection or further away from the 
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body temperature. The testes contain many long, tiny, coiled tubes, the 
seminiferous tubules within which spermatozoa are formed and attain 
a certain level of maturity. Scattered throughout the loose connective 
tissue surrounding the seminiferous tubules there are numerous blood 
vessels in close relationship to the eosinophilic clusters of epithelioid 
cells, the glandular interstitial cells of Leydig, which produce the male 
hormone, testosterone. 
             Morphological studies have been conducted on the testes of 
several animal species including camel (Tingari, et al., 1984; Tingari, 
1991), lamb (Monet-Küntz, Marie-Therese and Terqui, 1984), ram 
(Dufour, Fahmy, and Minvielle, 1984; Hötzel, Markey, Walkden-
Brown, Blackberry, and Martin, 1998), bull, boar, goat, rabbit, cat and 
rat (Osman, 1978; Osman and Plöen, 1979; Oliveira, Rong, Kay, Luiz, 
Franca, Prins, Saunders, and Hess, 2003) and man (Holstein, Schule 
and Davidoff, 2003; Jens Ehmcke, Karin Hubner, Hans R. Schler and 
Stefan Schlatt, 2005). 
             The seminiferous tubules consist of seminiferous epithelium 
(spermatogenic cells and Sertoli cells) and boundary tissue which is 
made up of basal lamina around the epithelium, and three lamellae 
(inner fibrous lamella, inner cellular lamella and outer cellular lamella 
(Moniem, Tingari, and Künzel, 1980). The germinal epithelium 
consists of cells that include different developmental stages of germ 
cells, namely spermatogonia, primary and secondary spermatocytes 
and spermatids. Spermatogonia are located peripherally on the basal 
lamina. They are cuboidal in shape with either a slightly flattened or a 
spherical nucleus and are adjacent to the basement membrane. They 
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are either dark "type A" or pale "type, B" spermatogonia and "type, A 
and B” intermediate type of spermatogonia as reported by Osman and 
Plöen (1986). The stage of meiosis is manifested through changes in 
chromatin configuration in the nucleus after the last spermatogonial 
division. Cells in meiosis are called spermatocytes. As the process of 
meiosis comprises two divisions, cells before the first division are 
called primary spermatocytes and before the second division 
secondary spermatocytes. 
                Primary spermatocytes are found away from the basal 
lamina and are completely surrounded by cytoplasmic processes from 
the Sertoli cells. The nucleus is round and contains a prominent 
nucleolus. The cytoplasm contains some endoplasmic reticulum and 
mitochondria. Secondary spermatocytes are smaller and the nucleus is 
more homogeneous than that of the primary spermatocytes. Electron 
dense material, similar to that of the inner mitochondrial substance, is 
found free in the cytoplasm. The endoplasmic reticulum is abundant. 
The division of secondary spermatocytes results in the formation of 
spermatids in the adluminal compartment.  
            The differentiation of spermatids into mature spermatozoa is 
known as spermiogenesis. It has been studied in the camel (Osman 
and Plöen, 1986; Tingari, 1991). Spermatogenesis has been 
subdivided into four histological stages (Dufour, et al., 1984) and is 
characterized by the presence of the following germ cell types: stage 
(I) spematogonia only; stage (II) spermatogonia and spermatocytes: 
stage (III), spermatogonia, spermotacytes and spermatids and finally 
stage (IV) all germ cells including spermatozoa, spermatogenic cells, 
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Leydig cells and Sertoli cells. The morphology of the spematozoon 
has been studied in the camel (Osman and Plöen, 1986; Tingari, 1991) 
and male rat (Chapman and Michael, 2003).  
               The sustentacular cells of Sertoli are tall, extending from the 
basal lamina to the lumen of seminiferous tubules. In the mature 
animal, they are highly irregular in outline. A large proportion of the 
basal part of the cell is occupied by the pale nucleus which contains a 
large nucleolus. The nucleus is large with an irregular outline. Tight 
junctions between adjacent cells form part of the blood-testis barrier. 
The cellular outline is irregular, indistinct and very complex since the 
heads of spermatids lie in deep recesses of the cytoplasm to receive 
nourishment.  
            Leydig cells are the prominent cells of the interlobular space 
(Payne, Hardy and Russell, 1996). They constitute cell groups 
surrounding the blood capillaries. They synthesize and secrete among 
other androgens, the male sex hormone, testesterone. They are large in 
size and possess a large nucleus with coarse chromatin granules and a 
distinct nucleolus. 
            The epididymis has been studied in several species including 
camel (Tingari, 1989), rabbit (Orgebin-Crist, Eller, and Danzo, 1993), 
marsupials (Rodger, 1982), goat (Goyal, Hutto and Maloney, 1994; 
Goyal and Williams, 1991) and man (Evans, Zhang and Martin-
Deleon, 2003). It is a long coiled tube that rests on the backside of 
each testicle. It has a small diameter and is lined by nonciliated 
pseudostratified columnar epithelium. It consists of a layer of 
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columnar principal cells with well developed microvilli and basal 
cells. According to Tingari (1989) the lining epithelium of the camel 
epididymis consists of five cell types namely principal cells, basal 
cells, halo cells, apical cells and dark cells. The goat epididymis, 
based on morphological differences, is divided into three parts; head, 
body and tail (Goyal and Williams, 1991). The epithelium varies in 
height, tallest in the head and is shortest in the tail. It functions in 
transport and storage of the sperms that are produced in the testes. It 
also serves to bring the sperm to maturity, since the sperms that 
emerge from the testes are immature and incapable of fertilization. 
During sexual arousal (orgasm) contraction of the epididymis 
muscular wall forces the sperm into the ductus deferens.  
              The ductus deferens (d.d.) of camel has an irregular lumen 
with an epithelium similar to that of the ductus epididymis (Ali et al., 
1978; Tingari and Moniem, 1978; Tingari, 1989). It has both 
columnar cells and basal cells. Surrounding this are three layers of 
smooth muscle fibres (Inner and outer longitudinal, and middle 
circular layers).  
          The penis is the common output tract for urine and semen. It has 
been studied in several species including ram (Dun, 1955) and 
primates (Cold and McGrath, 1999). It consists of three parts; the root 
which is attached to the wall of the abdomen, the body or shaft and the 
glans penis. The glans penis is a cone-shaped end of the penis, and is 
covered with a loose layer of skin called foreskin or prepuce. The 
body is cylindrical in shape and consists of three internal chambers 
made up of special sponge-like erectile tissue. This tissue contains 
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thousands of large spaces filled with blood when the male is sexually 
aroused. The skin of the penis is large and elastic to accommodate 
changes in penis size during erection. The corpora cavernosa have 
anastomosing sinusoids separated by septa (trabeculae) containing 
connective tissue and smooth muscle fibres.  
              Hormonal assays have been carried out in the goat   (Goyal, 
et al., 1994; Walkden-Brown, Restall, Norton, Scaramuzzi, and 
Martin, 1994; Vera-Avila, Forbes, Berardinelli, and Randel, 1997;  
Delgadillo, Flores, Veliz, Hernandez, Duarte, Vielma, Poindron, 
Chemineau, and Malpux, 2002), ram (Pagach, et al., 1993 and Hotzel, 
et al., 1998), lamb (Monet-Küntz, et al., 1984), rabbit (Orgebin-Crist, 
et al., 1983), rat (Pogach, et al., 1993), beef cattle ( Davis, Colazo, 
Rutledge, Small, Kastelic and Mapletoft, 2005) and mare (Vick, 
Sessions, Murphy, Kennedy, Reedy,and Fitzgerald, 2006). 
              Hormones as endocrine secretion are transported by the 
vascular system to aid in the integration of body processes by their 
stimulatory or inhibitory effects on target organs (Haenlein, 1992). 
They may be classified into two categories by their chemical 
composition; steroid hormones and protein or protein-like hormones. 
The steroid hormones are secreted by the adrenal cortex and gonads. 
Protein or protein-like hormones are secreted by the pituitary gland, 
thyroid gland, pancreas and adrenal medulla. Hormones of the anterior 
pituitary (adenohypophysis) are produced within the pituitary gland 
itself. They include the follicle stimulating hormone (FSH), 
luteinizing hormone (LH), prolactin (PRL), adrenocorticotropic 
hormone (ACTH), thyroid-stimulating hormone (TSH) and growth 
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hormone (GH). The two pituitary gonadotropins (FSH, LH) are 
necessary for the maintenance of gonadal functions. 
             Testosterone is the most important of androgens and is 
secreted by the testicular interstitial cells of Leydig. Testosterone and 
its by-products, androsterone and dehydrosterone, circulate throughout 
the bloodstream and are bound to plasma proteins. They are rapidly 
used by target organs and degraded by the liver and kidneys. 
Testosterone and related hormones are responsible for male secondary 
sex characteristics, body conformation, muscular development and 
libido. They are also responsible for the growth and development of 
secondary sex glands of the males, as well as maintenance of the 
viability of the spermatozoa and stimulate penile growth. 
             The luteinizing hormone (LH) is a glycoprotein with a 
molecular weight of 28000 Dalton. It is secreted by the β-cells 
(basophils) gonadotrophs of the anterior pituitary and consists of two 
subunits. The α-subunit is identical with the α-subunit of FSH, LH and 
TSH whereas the β subunit is biochemically unique and determines 
bioactivity. The circulating concentration of LH is controlled by a 
negative feedback effect on the hypothalamus due to steroidal 
hormones. So the LH is not secreted in constant amount i.e. it 
fluctuates. In the male it stimulates interstitial cells to produce 
androgen and estrogen. 
            Follicle stimulating hormone (FSH) is a glycoprotein with a 
molecular weight of 28000 Dalton. It is secreted by the gonadotrophs 
of the anterior pituitary and consists of two subunits. The α-subunit is 
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identical with the α-subunit of LH and TSH whereas the β-subunit is 
bio-chemically unique and determines bioactivity. 
            The circulating concentration of FSH is controlled by a 
negative feedback effect on the hypothalamus due to the steroidal 
hormone. In sexually mature adults, FSH and LH are not secreted in 
constant amounts. The secretion occurs in pulses. FSH in mature 
males is associated with the stimulation and maintenance of 
spermatogenesis. 
            Prolactin (PRL) is a single-stranded polypeptide hormone 
secreted by the mammotrophs of the pituitary gland and is composed 
of 198 amino acids and has a molecular weight of about 22000 
Dalton. With regard to structure and biology, PRL, growth hormone 
(GH) and placental lactogen (HPL) are of the same type. PRL plays an 
essential role in the secretion of milk and has the ability to suppress 
gonadal function. 
          Studies on puberty have been reported for the bull (Abdel 
Raouf, 1960; Renaville, Devolder, Massart, Sneyers, Burny, and 
Portetelle, 1993), sheep and goat (Louw and Joubert, 1964; Lord, 
Martin,Walton, Ballard and Read, 1991), ram (Dun, 1955), camel 
(Abdel Rahim, 1997), rhesus macaques (Bercovitch, 1993) and man 
(Martha and Reiter, 1991). Puberty, the culmination of a multitude of 
developmental processes at the hypothalamic, pituitary and gonadal 
levels, is essentially manifested by the episodic release of testosterone 
(Renaville et al., 1983; Schams, Winkler, Schallenberger and Karg. 
1988) which serves as a primary regulator for other major 
 ١٠
physiological changes during this period (Martha and Reiter, 1991). 
Associated with this increase in plasma testosterone concentrations, a 
growth hormone (GH) discharge may precede the onset of puberty 
(Thompson, Rodriguez, Kowarski, Migeon, and Blizzard, 1972). 
             Puberty is reached when sexual organs have become fully 
developed (Abdel-Raouf, 1960). The sexual instincts are prominent 
and reproduction is possible.  
              Spermatogenesis requires stimulation by FSH and LH which 
are controlled by the pulsatile secretion of GnRH from the 
hypothalamus. FSH interacts with Sertoli cells to cause production of 
Androgen Binding Protein (ABPC), conversion of testosterone into 
dihydrotestosterone and estrogen, and stimulation of 
spermatocytogenesis. Completion of sperm release and secretion of 
inhibin which has a negative feedback action on FSH releases GnRH. 
LH results in hypertrophy of Leydig cells and stimulates production of 
testosterone by Leydig cells.   
          The objective of this study is to examine the morphological and 
biochemical changes in the male reproductive tract of the Nubian 
bucks prior to the age of puberty.  
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CHAPTER TWO 
MATERIAL AND METHODS 
 
 
Samples were obtained from different parts of the male 
reproductive tract (testis, epididymis, ductus deferens and penis) of 32 
Nubian bucks from birth up to six months. Samples were taken at 15 
days interval for investigation. The different groups were represented 
by at least two animals each. 
 
          The animals were used initially for data collection including; 
body weight (BW), scrotal circumference (SC), Heart Girth 
Circumference (HG) testicular descent into the scrotum and penile 
separation from prepuce.  
  For hormonal assay an initial sample of 5 ml of blood was 
collected from the jugular vein, then the animal was injected (1/m) 
with hCG (300 IU/animal) and a second sample was withdrawn one 
hour later to monitor post-hCG injection level of hormones. The 
samples were then centrifuged at 3000 rpm for 15 minutes. The 
supernatant was decanted into fresh test tubes and stored at -20 C to 
be used for hormone assay. 
Light Microscopy: 
  Histological observations were made on tissue samples from 
the testis, epididymis, ductus deferens and root of the penis. Small 
blocks, approximately 5 mm, were fixed in Bouin's fluid or 10% 
formalin, processed for paraffin sections. Sections 6 µm in thicknees 
were cut and stained with haematoxylin and eosin for the general 
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observations. Other sections were stained with Massons trichrome for 
the demonstration of collagenous and muscle fibers. 
Electron Microscopy: 
Ultrastructural observations were made on tissue samples from 
the testis, epididymis and ductus deferens. Small pieces (1 x 1 mm) 
were fixed in 2.3% glutaraldehyde in 2.14% sodium cacodylate buffer. 
They were washed in sodium cacodylate buffer, post-fixed in 1% 
osmium tetroxide, and stained with uranyl acetate (2% uranyl acetate 
in 0.69% malic acid in 100 ml distilled water). They were dehydrated 
in graded concentration of alcohols, 50% – 70% - 90%, 100%, for 10 
minutes in each change. They were then placed in 3 changes of 
acetone of 10 minutes each. Taab Resin was used for embedding with 
formula of TAAB Resin 50, DSA 40 and MNA 10. They were shaken 
well then 2 ml DMP 30 were added as an accelerator and again shaken 
well for 30 minutes or 10 minutes by the machine and stored in plastic 
syringes. 
 1. Tissues were placed in resin 1:1 acetone overnight. 
 2.  Then placed in neat resin for 4 – 5 hours.     
 3.  Finally they were placed in beam capsule already filled with 
 resin and poke specimen to the bottom to polymerize in an oven 
 at 60oC for 24 hours. 
 
Semi-thin sections were cut with glass knives on an LKB or 
Reichert-ultra microtome using glass knives, then stained with 
methylene blue and used for light microscopy. The desired regions for 
electron microscopy were then selected. Ultra-thin sections, gold to 
silver (70 – 90 nm) were cut with glass or diamond knives. Sections 
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were picked up on uncoated copper grids, double stained with uranyle 
acetate and examined in a Philips electron microscope. 
 
Measurement of hormone: 
The main methods used in this study were based on 
immunoradiometric assay (IRMA) and radioimmunoassay (RIA) 
techniques (Table.1). In the IRMA assay the antibody was the labeled 
tracer, while in RIA the antigen was the labeled tracer. The hormones, 
which were measured by the IRMA technique, were the protein 
hormones FSH, LH and PRL, while testosterone was measured by 
RIA technique. 
 
Measurement of hormones by IRMA technique: 
A. Measurement of serum LH and FSH: 
For the assay of LH and FSH, the following reagents were 
introduced into the reaction tube: 50 UL sample or standard.  
300 UL assay buffer. 
50 UL labeled antibody. 
 (anti-LH in case of LH determination and anti-FSH in case of FSH 
determination) (60,000 counter per minute). 
 
 50UL solid phase first antibody tubes were vortexed and placed 
on rotary mixer overnight, 2 ml wash buffer were added and 
centrifuged for 5 minutes at 100 rpm, supernatant aspirated and 
washing step repeated, aspirated again and counted for 5 minutes. 
B. Measurement of serum prolactin: 
The solid phase was reacted with the sample or standard at 
room temperature for approximately 3 hours following a washing step, 
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the radio-iodinated antibody was added and the reaction continued 
overnight. 
 
This assay method was the same as that for serum FSH and LH 
except for 350 UL of assay buffer instead of 300 UL and a longer time 
of centrifugation of up to 10 minutes. 
 
Measurement of testosterone by RIA technique: 
All reagents were allowed to come to room temperature, mixed 
gently and used in the assay. The reagents were added as followed: 
 Standard or sample 50 UL 
 125 (1) Testosterone (tracer) 500 UL 
 Testosterone Antiserum 500 UL 
All tubes were vortexed gently avoiding foaming and incubated 
for 2 hour at 37oC. Assay buffer 500 UL was added. The tubes were 
again vortexed and incubated for 15 minutes at room temperature, 
then centrifuged for 15 minutes at 100 g. Supernatants were decanted, 
tube blotted gently to get rid of the remaining drops of liquid and 
radioactivity was counted for one minute. 
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Table 1: luteinizing Hormone (LH) Radioimmunoassay (RIA)  
 Protocol 
 
 T 
(1,2) 
NSB 
(3,4) 
Zero 
Standard 
(5,6) 
Standards 
(7,8) 
Unknowns
Incubation 
solution 
 300 200   
Standard 
solution 
   200  
Unknown 
samples 
    200 
LH antibody   100 100 100 
Vortex and incubate for 30 minutes at 37 °C 
125I-Labeled 
LH 
100 100 100 100 100 
Vortex and incubate for 1.5 hours at 37 °C 
Precipitating 
solution 
 500 500 500 500 
Vortex. Centrifuge for 15 minutes at 1500g. Decant the supernatant. 
Count the precipitate. 
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CHAPTER THREE 
RESULTS 
 
3-1-The Testis-Seminiferous Tubules 
3-1-1-Age group 1: Week One 
3-1-1-1-Light Microscopy 
The seminiferous tubules were in the form of loose structures 
surrounded by one layer of contractile cells attached edge to edge to 
form continuous epithelioid sheet. The tubule was 41µm in diameter 
lined with two layers of cells; the first row consisted of Sertoli cells 
and spermatogonia, the second row consisted of primary 
spermatocytes (Fig.1a). 
  
The spermatogonia and Sertoli cells rested directly on the basal 
lamina. The spermatogonia were polygonal in shape, 12µm in height 
(Table.2), with rounded or oval nuclei containing dense chromatin 
granules and a central nucleolus. The cytoplasm was densely stained. 
  
The Sertoli cells were tall extending between the basal lamina 
and the lumen. They were 15µm in height with rounded lightly stained 
nuclei located towards the base, and contained dark central nucleolus. 
 
The primary spermatocytes were large rounded cells located 
towards the centre of the tubule. The cytoplasm was lightly stained 
with large rounded nucleus containing dense large and small 
chromatin granules. The cell was 16µm in height. 
 
The seminiferous tubules showed no lumen. The intertubular 
connective tissue was abundant and contained many fibroblasts with 
oval or elongate nuclei. Also there were clusters of Leydig cells with  
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Table2. Quantitative data on the testis height of different germinal 
cells and Sertoli cells and diameter of tubular cross section: 
 
Age 
in 
weeks 
Diameter 
of 
tubules 
µm 
Spermatogonia 
µm 
Primary 
Spermatocy
tes 
µm 
Secondary 
Spermatocytes
µm 
Spermatids 
µm 
Spermatozoa
µm 
Sertoli 
cells 
µm 
1 41 12 16    16 
2 42 11 16    12 
4 44 10 14    17 
6 46 15 16    19 
8 48 13 18    18 
10 49 13 17 10   16 
12 78 13 20 11   20 
14 99 13 18 12   21 
16 100 15 20 12   20 
18 105 12 20 10   19 
20 102 13 19 10 10  21 
22 108 12 19 10 10 17 30 
24 101 12 18 11 10 12 29 
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clear rounded nuclei. They lie in close proximity to venules and 
arterioles. 
 
3-1-1-2-Electron Microscopy: 
 Examination of seminiferous tubule of day one of age has 
shown that, they were surrounded by a thin and continuous basal 
lamina (Fig.1b), formed by a layer of amorphous electron dense 
material and collagenous fibers. The tubules were covered by myoid 
cells and fibroblasts. Both spermatogonia and Sertoli cells were 
identified (Fig.2). 
 
 The spermatogonia rested on the basal lamina and were 
arranged in a single layer between Sertoli cells. Lateral parts of cells 
occasionally appeared irregular due to the presence of neighbouring 
Sertoli cells (Figs.3, 4).The basal membrane was irregular whereas the 
lateral membrane were folded and have half-desmosomes attaching 
them to the Sertoli cells (Fig.5). The nuclei were irregular in shape 
with deep infolding (Figs.6, 7), and each contained two or three 
nucleoli (Figs. 2, 3). Chromatin material was in the form of small 
dense granules peripherally arranged with some central clumps.   
 
 The cytoplasm contained abundant mitochondria, oval, 
spherical and elongate in shape with tubular cristae, scattered 
randomly (Fig.8). The Golgi complex was well developed, lying close 
to the nucleus and consisted of piles of narrow cisternae (Fig.9). RER 
was in the form of narrow tubular or dilated lamellae (Figs.  8, 10); 
Profiles of smooth endoplasmic reticulum (SER) and free ribosomes 
were also present. Small spherical bodies bounded by a double 
membrane were also seen. 
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 The Sertoli cells were rounded or oval in shape with small 
amount of cytoplasm (Fig.3). The nucleus was irregularly round in 
shape and occupied most of the cytoplasm. Although the nuclear 
chromatin was uniformly distributed, small clumps were observed 
together with one or two complex nucleoli eccentrically located (Figs. 
3, 11). The cytoplasm showed a small number of tubular 
mitochondria, some of them contained myelin figures (Fig.12). There 
were abundant cisternae of SER profiles which were either narrow or 
dilated (Fig.12). Golgi complex was small and inconspicuous (Fig.13). 
A few lipid droplets were also seen (Fig.13). 
 
3-1-2-Age Group 2: week 2 
3-1-2-1-Light Microscopy  
 The examination of the seminiferous tubule showed a little 
increase in the tubular diameter being 42µm. The epithelial height of 
spermatogonia was 11µm; that of the Sertoli cells was 12µm. Also 
there was an increase in number of primary spermatocytes (Fig.14a). 
The intertubular connective tissue contained many fibroblasts with 
oval or elongate nuclei rich in chromatin, together with 
undifferentiated cells spherical in shape. 
 
3-1-2-2-Electron Microscopy:  
 The two types of cells indicated above continued to be 
recognized, viz spermatogonia and Sertoli cells. The spermatogonia 
gained an increase in height, and contained many organelles. The 
nuclear shape became somewhat irregular (Fig.14b). Sertoli cells were 
identified with their lightly-stained cytoplasm which contained many 
organelles including mitochondria and SER (Fig.15, 16). The inner 
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nuclear membrane was dense (Fig.17). A Leydig cell appeared in the 
intertubular tissue (Fig.18). 
 
3-1-3-Age group 3: Week 4 
3-1-3-1-Light Microscopy  
 The examination of testicular tissue showed a similar feature to 
that of previous stage except for an increase in the epithelial height of 
the Sertoli cells (17µm), and tubular diameter (44µm).     
3-1-3-2-Electron Microscopy 
 It was similar to previous age. 
 
3-1-4-Age Group 4: Week 6 
3-1-4-1-Light Microscopy 
 The seminifrous tubule showed an increase in the height of all 
cells and in the tubular diameter (46 µm). The primary spermatocytes 
increased in number with light cytoplasm and large nuclei showing 
meiotic figures (Fig.19a). The tubules were surrounded by two layers 
of myoid cells with darkly stained cytoplasm and oval nuclei with 
small dense chromatin granules.  Interstitial cells have been observed. 
  
3-1-4-2-Electron Microscopy 
 Examination of tubules of this stage revealed cell division 
resulting in the formation of more than one layer of spermatogonia 
together with Sertoli cells (Fig.19b). The basal cytoplasm of the 
spermatogonium contained a dense tubule of supporting filaments, 
tonofilaments and microtubules. Elongate mitochondria, with dense 
granules, were randomly scattered throughout the cytoplasm (Fig.20). 
Centrioles occupied a rare location in the basal cytoplasm (Fig.21).  
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 The primary spermatocytes appeared as a few rounded cells 
with spherical nuclei. The karyoplasm was generally homogeneous 
with a small mass of hetrochromatin. The cytoplasm also contained a 
well developed Golgi Complex (Fig.22), abundant RER and some 
lipid droplets (Fig.23). 
 
 Sertoli cells resting directly on the basal lamina contained 
abundant organelles, profiles of dilated SER were identified and some 
lipid droplets (Figs.24- 26). The cells became more elongate and some 
possessed two nuclei (Fig.27). Dense SER and clusters of 
mitochondria with dark granules were distributed throughout the 
cytoplasm. The lateral plasma membranes were folded (Fig.28).      
 
3-1-5-Age Group 5: Week 8 
3-1-5-1-Light Microscopy 
 The seminiferous tubules were denser .The amount of inter 
lobular connective tissue decreased whereas the height of primary 
spermatocytes increased (18µm); otherwise they were similar to these 
of previous age. 
 
3-1-5-2-Electron Microscopy 
 The examination at this age showed elongate mitochondria (Fig. 
29). The primary spermatocytes were seen as large cells with light 
cytoplasm and a prominent Golgi complex. 
 
 The Sertoli cells showed mitochondria with myelin figures 
(Fig.30). Except for that they were similar to the cells of the previous 
age. 
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 The Leydig cells were seen in the form of cords or clusters of 
irregular shapes (Fig.31). The nucleus was oval or rounded, occupied 
most of the cytoplasm and showed a dense heterochromatin layer on 
the inner nuclear surface. Lateral cell membranes were folded. 
Abundant elongated tubular mitochondria, oval or rounded in shape 
were seen (Fig.32). The Golgi complex was inconspicuous . 
 
3-1-6-Age Group 6: Week 10   
3-1-6-1-Light Microscope 
 In addition to the numerous primary spermatocytes in different 
stages of cell division, secondary spermatocytes have now appeared 
(Fig.33a). Their epithelial height was 10µm. Three layers of epitheliod 
cells enclosed the seminiferous tubules.  
3-1-6-2-Electron Microscopy 
 The primary spermatocytes contained dilated cisternae of RER 
(Fig.33b), except for that they were similar to pervious age. 
 
3-1-7-Age Group7: Week 12 
3-1-7-1-Light Microscopy 
 The seminiferous tubules showed an increase in their diameters 
(78µm), and so was the height of the Sertoli cells (20µm). The 
primary spermatocytes have a light cytoplasm and showed many 
meiotic figures indicative of cell division (Fig.34a). The secondary 
spermatocytes were few in number .The interstitial cells were seen in 
the form of clusters of cells with rounded nuclei and central nucleolus. 
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3-1-7-2-Electron Microscopy 
 The examination of the seminiferous tubules showed that the 
active division continued mainly in the Sertoli cells and in the primary 
spermatocytes (Fig 34b).  
 
3-1-8-Age group 8: Week 14 
3-1-8-1-Light Microscopy 
 Apart from an increase in the tubular diameter (99µm) the 
features were similar to those of previous age. 
3-1-8-2-Electron Microscopy 
 It was similar to the previous age.  
 
3-1-9-Age Group 9: Week 16 
3-1-9-1-Light Microscopy 
 The histological picture remained unchanged. 
 
3-1-9-2-Electron Microscopy 
 Numerous secondary spermatocytes have been identified. They 
were rounded cells with spherical nuclei and many organelles, 
including mitochondria, RER, and lipid droplets (Fig.35). The cells 
were actively dividing (Fig 36).   
 
3-1-10-Age Group 10: Week 18 
3-1-10-1-Light Microscope  
 The seminiferous tubules became denser with an increase in 
tubular diameter (105µm). 
 
3-1-10-2-Electron Microscopy 
 The secondary spermatocytes possessed well developed Golgi 
complex and abundant mitochondria. The boundary tissue revealed 
the presence of more than three layers of myoid cells together with 
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fibroblasts and collagenous fibers (Fig 37).The myoid cells were 
elongated with dense oval nuclei. The fibroblasts prossessed long 
cytoplasmic processes (Fig 38).   
 
3-1-11-Age Group 11: Week 20 
3-1-11-1-Light Microscopic 
 A few spermatids (10µm) have now appeared together with 
many secondary spermatocytes(Fig.39a). 
  
3-1-11-2-Electron Microscopy 
 It was similar to the previous age. (Fig.39b) 
 
3-1-12- Age Group 12: week 22 
3-1-12-1-Light Microscopy 
 There was a remarkable increase in the height of Sertoli cells 
(30 µm). A few spermatozoa have now appeared (17µm) (Fig. 40a). 
 
3-1-12-2-Electron Microscopy 
  Examination at this age showed the presence of secondary 
spermatocytes, and spermatids of different stages (Figs. 40b, 41). 
Spermatid in Golgi phase (Fig. 42), late acrosomal phase (Fig. 43), 
and maturation phase were seen (Figs. 44, 45).    
 
3-1-13-Age Group 13: Week 24 
3-1-13-1-Light Microscopy 
 The examination at this age showed numerous spermatids and 
spermatozoa, attached to apical cytoplasm of Sertoli cells (Fig. 45a). 
 
3-1-13-2-Electron Microscopy 
  It was similar to the previous age. 
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3-2-THE EPIDIDYMIS 
3-2-H-The Head of Epididymis (Caput Epididymedis) 
3-2-H-1-Age group 1: Week One 
3-2-H-1-1-Light Microscopy 
 
Histological examination of the head of the epididymis revealed 
the presence of loose tubules enclosed by more than ten layers of 
smooth muscle fibers. The diameter was about 50µm. The tubules 
were lined with pseudostratified columnar epithelium 17µm high 
(Fig.46a). Most of the cells were tall extending between the basal 
lamina and the lumen and possessed centrally located oval nuclei. A 
small number of cells showed a wide luminal part containing a 
rounded nucleus and a tapering basal portion extending towards the 
base. Basal cells were few in number, and rested directly on the basal 
lamina.  They were somewhat pyramidal in shape and their nuclei 
were oval. There was a large amount of highly vascularized 
connective tissue containing many fibroblasts. The lumen showed a 
thread like-structure. 
   
3-2-H-1-2-Electron Microscopy  
The lateral plasma membrane showed some foldings (Fig.46b). 
Macula adherens have been seen apically together with long cilia 
(Fig.47).   The epithelial lining of the tubule revealed the presence of 
three types of cells, principal, apical and basal cells (Fig.48). 
  
The principal cells constituted the major component of lining 
cells and extended from the basal lamina to the lumen. They possesed 
oval or rounded nuclei and some showed invaginations. Two or three 
nucleoli were present (Fig.49). The distribution of chromatin was 
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variable but a dense band was consistently attached to the inner 
surface of the inner nuclear membrane.  
  
 The cytoplasm showed abundant tubular mitochondria of 
different shapes being oval, round or elongate (Fig.50). Well 
developed Golgi Complex was demonstrated (Fig.51). Short and 
dilated cisternae of RER and large number of SER vesicles were 
present. 
  
 The apical cells were goblet-like structures, showed wider 
apical portions or dome-shaped part, and narrow stem extend basally. 
The nuclei were rounded and had apical location. The cytoplasm 
contained the normal organelles including mitochondria and vacuoles 
(Fig.52). 
 
 Basal cells rested directly on the basal lamina. They were 
characterized by the presence of oval nuclei containing a moderate 
amount of euchromatin. Cytoplasmic organelles were scanty (Fig.53). 
 
3-2-H-2-Age Group 2: Week 2 
3-2-H-2-1-Light Microscopy 
 Tubular structures appeared more compact as compared to 
group 1 but the epithelial height remained unchanged (17µm) 
(Fig.54a). Tubular diameter measured 89 µm. The muscle layer 
became thicker and was arranged in about seven layers. 
 
3-2-H-2-2-Electron Microscopy 
 Profiles of RER were seen connected with the nuclear pores. 
Lateral plasma membrane showed some foldy parts (Fig.54).  
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3-2-H-3-Age Group3: Week 4 
3-2-H-3-1-Light Microscopy 
 There was an increase in the tubular diameter (97µm), and in 
the number of muscle layers. Most of the nuclei in the epithelial lining 
were elongate in shape and occupied most of the cytoplasm. 
 
3-2-H-3-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-2-H-4-Age Group 4: Week 6 
3-2-H-4-1-Light Microscopy  
 The tubules achieved more increase in diameter (105µm) and in 
the epithelial height (18µm).  It showed two levels of nuclei, the basal 
pyramidal or rounded and elongate central ones (Fig.55a). 
 
3-2-H-4-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-2-H-5-Age Group 5: Week 8 
3-2-H-5-1-Light Microscopy 
 The tubular diameter became smaller (102µm) but epithelial 
height became taller (19µm). The examination showed clearly 
rounded nuclei near the lumen, elongate ones in the middle and 
rounded or pyramidal ones at the base. 
 
3-2-H-5-2-Electron Microscopy 
 Although the cells were generally tall, they have shown a 
considerable variation in shape (Figs.55, 56). The nuclei of principal 
cells were elongate and form deep invaginations. Lipid-like droplets 
were found around the nuclei (Fig.57). The mitochondria increased in 
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both, number and size and showed dense granules with myelin figures 
as well and some microtubules (Fig.58). 
  
3-2-H-6-Age Group 6:Week10 
3-2-H-6-1-Light Microscopy 
 It was similar to the previous age. 
 
3-2-H-6-2-Electron Microscopy 
 Cilia lining the luminal surface of principal cells became clearly 
demonstrable. Lateral plasma membranes were tightly held together 
by extensive junctional complexes (Fig.59). 
 
3-2-H-7-Age group 7: Week 12 
3-2-H-7-1-Light Microscopy 
 The tubules showed a more compact arrangement and an 
increase in their diameter (120µm). Epithelial nuclei were arranged in 
two levels; those of columnar cells and further down of the basal cells 
(Fig.60a). The lumen was wider with stereocilia projecting into it. The 
muscle layer became thicker.  
 
3-2-H-7-2-Electron Microscopy 
 The principal cells possessed long stereocilia and bleb-like 
irregular cytoplasmic projections (Fig.60b). The Golgi complex was 
massive and consisted of a profile of flattened cisternae (Fig.61). The 
muscle layers became denser (Fig.62). 
  
3-2-H-8-Age Group 8: Week 14 
3-2-H-8-1-Light Microcopy 
 The tubules became compact as a result of a decrease in the 
intertubular tissue. There was a slight increase in cell height (25 µm) 
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and that of the tubular diameter (171µm). The muscle layers became 
more than ten layers. 
 
3-2-H-8-2-Electron Microscopy 
  It was similar to the previous age. 
 
3-2-H-9-Age Group 9: Week 16 
3-2-H-9-1-Light Microscopy 
 The tubular lumen became wider. The Epithelium height 
increased (43 µm) and the nuclei became elongate and occupied about 
two thirds of the cell cytoplasm. Light areas were seen in the infra- 
and supranuclear cytoplasm (Fig.63a).  
 
3-2-H-9-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-2-H-10-Age group 10: Week 18 
3-2-H-10-1-Light Microscopy 
 Light cytoplasmic areas were mainly seen in the basal parts of 
the cells.  
 
3-2-H-10-2-Electron Microscopy 
 The principal cells contained abundant RER, with the cisternae 
being dilated. This, together with the clear areas in the cytoplasm 
indicated above, imparted a light appearance to the cytoplasm. 
Abundant mitochondria and Golgi Coplex have been seen (Fig.63b) 
.The principal cells and basal cells were easily distinguished by their 
locations (Fig.64). 
 
 ٣٠
3-2-H-11-Age Group11: Week 20 
3-2-H-11-1-Light Microscopy  
 Features of age groups 8-10 were maintained.  
 
3-2-H-11-2-Electron Microscopy 
 Lateral plasma membranes were held together by extensive 
junctional complexes (Fig.65). Centrioles were seen in the 
supranuclear cytoplasm (Fig.65). 
. More kinocilia (motile) with basal bodies and cross striated rootlets 
were easily demonstrable on the luminal surface of principal cells 
(Fig.66).  
3-2-H-12-Age Group 12: Week 22 
3-2-H-12-1-Light Microscopy 
 The lumen was wide and contained a small number of 
spermatozoa. There was an increase in the tubular diameter (144 µm) 
and epithelial height (27µm). The three cell types (principal, 
pyramidal and basal) were present; luminal border of principal cells 
carried cilia (Fig. 67a).  
 
3-2-H-12-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-2-H-13-Age group 13: Week 24 
3-2-H-13-1-Light Microscopy 
 There was a further increase in the tubular diameter (207 µm), 
epithelial height (31µm) as well as muscle coat.  
 
3-2-H-13-2-Electron Microscopy 
 Lateral plasma membranes were held together by extensive 
junictional complex (zonula occludens and zonula adherens) (Fig. 67). 
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The nuclei of the principal cells achieved an increase in both height 
and width, and moved towards the luminal cytoplasm close to the 
apical cell border (Fig.68). Nuclear invagination occasionally cut deep 
imparting lobulation (Fig.69). The cytoplasm contained myelin 
figures, microtubules and filaments (Fig.67). Lipid-like electron lucent 
material was in abundance (Figs.70, 71). 
 
3-2-B-The Body of Epididymis (Corpus Epididymedis)  
3-2-B-1-Age Group 1: Week One 
3-2-B-1-1-Light Microscopy 
 The section showed groups of tubules, each being surrounded 
by smooth muscle fibres which amounted to about 10 layers in 
thickness. The tubular diameter was (211µm). Each tubule was lined 
by columnar cells, 40um in height, with oval nuclei (Fig.72). 
Stereocilia were seen on the luminal border. Clear light areas were 
seen in the basal cytoplasm. The intertubular connective tissue 
contained many fibroblasts and blood vessels.  
 
3-2-B-1-2-Electron Microscopy 
 The tubules were lined by simple columnar epithelium (Fig.73). 
The lateral plasma membranes were straight and held together by 
desmosomes and macula adherens (Fig.74), while the luminal border 
was equipped with a few microvilli.  The nucleus was elongate with 
some dense heterochromatin accumulating on the inner surface.  The 
cytoplasm was rich in organelles with mitochondria showing different 
forms being oval, rounded and elongate and contained myelin figures 
(Fig.75). Also there were profiles of dilated cisternae of RER, well 
developed Golgi complex, microtubules and microfilaments (Fig.76). 
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3-2-B-2-Age Group2: Week 2 
3-2-B-2-1-Light Microscopy 
 The tubules were embedded in loose connective tissue and each 
was enclosed within a thick layer of smooth muscle fibers. The tubular 
diameter and epithelial height were lower than those of previous stage 
being 202µm and 23µm respectively. Lightly stained areas of 
cytoplasm accumulated in apical and basal parts of the cell (Fig.77a). 
 
3-2-B-2-2-Electron Microscopy 
 The luminal surface of lining cells carried a few cilia whereas 
the basal plasma membrane was straight. Apposed lateral plasma 
membranes were partly straight and partly folded and held together by 
junctional complexes (Figs.77, 78). Normal organelles, together with a 
large amount of free lipid were observed in the cytoplasm. 
 
3-2-B-3-Age Group 3: Week 4 
3-2-B-3-1-Light Microscopy 
 There was an increase in the epithelial height (30µm) and 
tubular diameter (206µm). 
 
3-2-B-3-2- Electron Microscopy 
 It was similar to the previous age. 
 
3-2-B-4-Age Group 4: Week 6 
3-2-B-4-1-Light Microscopy 
 No change was observed. 
 
3-2-B-4-2-Electron Microscopy 
 The same features described above were maintained. 
 
3-2-B-5-Age Group 5: Week 8 
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3-2-B-5-1-Light Microscopy 
 The cells were high columnar in shape and the nucleus occupied 
most of the cytoplasm (Fig.79a). The muscle layer became thicker. 
 
3-2-B-5-2-Electron Microscopy 
 This stage was characterized by the presence of free lipid in the 
cytoplasm (Fig.79). Numerous microtubules and microfilaments were 
seen in the cytoplasm (Fig.80). 
  
3-2-B-6-Age group 6: Week 10 
3-2-B-6-1-Light Microscopy  
 The tubule showed an increase in diameter (219µm). The 
amount of intertubular connective tissue was reduced. 
  
3-2-B-6-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-2-B-7-Age group 7: Week 12 
3-2-B-7-1-Light Microscopy 
 The tubule became wider (323µm) and there was an increase in 
epithelial height (46µm). The light areas were seen apically and 
basally. The nuclei occupied the middle third of the cell; the amount 
of connective tissue was decreased.  
 
3-2-B-7-2-Electron Microscopy 
 The cells were elongate in shape. The luminal parts of lateral 
plasma membranes were not closely apposed to those of neighbouring 
cells (Fig.81) hence, the apical cytoplasm appeared as a bleb-like 
projection into the lumen. Electron lucent areas were seen in both 
luminal and basal cytoplasm (Fig.82). 
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3-2-B-8-Age Group 8: Week 14  
3-2-B-8-1-Light Microscopy 
 The cells showed a decrease in their height (38 µm). The lumen 
was somewhat irregular. 
 
3-2-B-8-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-2-B-9-Age Group 9: Week 16 
3-2-B-9-1-Light Microscopy 
 No change was observed. 
 
3-2-B-9-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-2-B-10-Age Group 10: Week 18 
3-2-B-10-1-Light Microscopy 
 Colloid-like material was seen in the lumen (Fig.83a). 
   
3-2-B-10-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-2-B-11-Age Group 11: Week 20 
3-2-B-11-1-Light Microscopy 
 The tubules were more closely packed together as a result of the 
reduction of the interlobular connective tissue. Tubular diameter 
measured 263µm and that of the epithelial height was 41µm. The 
nuclei were mostly located in the luminal cytoplasm.  Lightly stained 
areas of cytoplasm were seen in the basal parts of the cells. 
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3-2-B-11-2-Electron Microscopy 
 The cells showed elongate nuclei with dense chromatin. The 
apical border carried cilia (Fig.83). 
 
3-2-B-12-Age Group12: Week 22  
3-2-B-12-1-Light Microscopy 
 The connective tissue was highly vascularized. 
  
3-2-B-12-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-2-B-13-Age Group13: Week 24 
3-2-B-13-1-Light Microscopy  
 The tubules became compact (Fig.84a). 
  
3-2-B-13-2-Electron Microscopy 
 The apical border of some of the cells showed cilia together 
with slofted areas. Nuclear lobulation was frequently encountered 
(Figs.84b, 85). The muscular coat became thicker (Fig.86).  
 
3-2-T-The Tail Of Epididymidis (Cauda Epididymedis) 
3-2-T-1-Age Group 1: Week One 
3-2-T-1-1-Light Microscopy 
 The tubules were embedded in loose connective tissue and 
measured 219µm in diameter. They were lined by pseudostratified 
columnar epithelium with two types of cells, columnar and basal cells. 
There was an increase in the epithelial height (41-53µm) due to 
differences in shape of segments; the proximal segment showed round 
cross sections with round lumen (Fig.87) whereas the distal segment 
showed an irregular lumen and was continued by ductus deference 
(Fig.88).  
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3-2-T-1-2-Electron Microscopy 
 The lining epithelium of both segments was constituted of high 
columnar cells and pyramidal cells (Fig.89). The columnar cells had 
elongate nuclei which were occasionally lobulated and occupied the 
middle parts of the cells. The pyramidal cells were densely stained and 
had irregular nuclei. Interdigitations of apposed plasma membranes 
and extensive tight junctions were noted (Figs.90, 91). Abundant 
mitochondria were seen in different forms. Well developed Golgi 
complex and profiles of RER were present. Electron lucent material 
was seen in abundance (Fig.90). 
 
3-2-T-2-Age Group 2: Week 2 
3-2-T-2-1-Light Microscopy 
 It was similar to the previous age. 
  
3-2-T-2-2-Electron Microscopy 
 The apical surface showed cilia. Well developed Golgi 
apparatus was seen (Fig.92). 
 
3-2-T-3-Age Group 3: Week 4 
3-2-T-3-1-Light Microscopy 
 There was an increase in the cellular height (57-77µm) and 
tubular diameter (262µm). The nuclei were located in the apical 
cytoplasm. 
  
3-2-T-3-2-Electron Microscopy 
 The cytoplasm contained a large amount of electron lucent 
material, together with some other components mainly RER, free 
ribosomes, mitochondria, microtubules and microfilaments (Fig.93).  
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3-2-T-4-Age Group 4: Week 6 
3-2-T-4-1-Light Microscopy 
 The cells showed two rows of nuclei; elongate and apically 
located ones and rounded or pyramidal ones in the basal cytoplasm. 
  
3-2-T-4-2-Electron Microscopy 
 It was similar to the previous age.  
 
3-2-T-5-Age Group 5: Week 8 
3-2-T-5-1-Light Microscopy 
 There was an increase in tubular diameter (366µm). 
  
3-2-T-5-2-Electron Microscopy 
 The apical surface showed a complex feature of highly folded 
areas together with cilia and microvilli (Fig.94). Large irregular 
mitochondria have been seen with profiles of RER (Fig.95) and a well 
developed Golgi complex (Fig.96). The nucleus was elongate and 
sometimes with three nucleoli (Fig.97). One cell showed free 
chromatin (not enclosed by a nuclear membrane) indicative of cell 
division; this was an occasional observation (Fig.98).  
 
3-2-T-6-Age Group 6: Week 10 
3-2-T-6-1-Light Microscopy 
 Both tubular diameter (414µm) and epithelial height (71-97µm) 
were increased. Nuclei of columnar cells became taller and contained 
dense fine chromatin granules. 
  
3-2-T-6-2-Electron Microscopy    
 A massive Golgi complex was seen coursing lengthwise in the 
cellular cytoplasm (Figs.99 &100). Embedded in the cytoplasm were 
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RER, mitochondria with myelin figures, numerous vesicles and lipid 
droplets (Figs.99, 101).  
3-2-T-7-Age Group 7: Week12 
3-2-T-7-1-Light Microscopy 
 The two types of tubule were clearly identified, the second 
segment showed wider and more folded lumen. The tubule diameter 
became wider (452 µm). 
  
3-2-T-7-2-Electron Microscopy 
 A large Golgi complex was seen (Fig.102). The basal cells were 
dense and the nuclei were pyramidal or round, whereas the columnar 
cells were lighter with the nuclei showing the same features described 
above (Fig.103). 
 
3-2-T-8-Age Group 8: Week14 
3-2-T-8-1-Light Microscopy  
 The tubules became more compactly arranged with an increase 
in muscle layers thickness. 
  
3-2-T-8-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-2-T-9-Age Group 9: Week16 
3-2-T-9-1-Light Microscopy 
 No change was encountered. 
 
3-2-T-9-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-2-T-10-Age Group 10: Week 18 
3-2-T-10-1-Light Microscopy 
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 The apical cell surface was covered with microvilli, and there 
was an increase in cellular height (63-128 µm) as well.  
3-2-T-10-2-Electron Microscopy 
 The apical surface showed dense long microvilli (Fig.104). The 
lateral plasma membranes were generally tightly apposed but in some 
locations, several of them were held together and appeared to 
constitute a four-layered wall (Fig.105).  
 
3-2-T-11-Age Group 11: Week 20 
3-2-T-11-1-Light Microscopy 
 The nuclei were arranged in two rows; basal nuclei occupied the 
basal cells and luminal ones in the apical cytoplasm of tall cells. 
  
3-2-T-11-2-Electron Microscopy  
 Transvese sections across tubules of this age group showed a 
wide variation in nuclear shape and lobulation; up to three or four 
nuclear segments have been observed (Fig.106). A few number of 
lysosomes together with Golgi apparatus were seen (Fig.107). 
  
3-2-T-12-Age Group 12: Week 22 
3-2-T-12-1-Light Microscopy 
 The epithelium gained a further increase in height (61-116 µm). 
  
3-2-T-12-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-2-T-13-Age Group 13: Week 24 
3-2-T-13-1-Light Microscopy 
 The intertubular connective tissue became scanty resulting in a 
more compact arrangement of tubules. 
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3-2-T-13-2-Electron Microscopy 
 The muscle layer became thicker. The intertubular tissue 
cosisted of collagen fibers and fibroblasts (Fig.108). 
  
3-3-THE DUCTUS DEFERENS (D.D.) 
3-3-1-Age Group 1: Week One 
3-3-1-1-Light Microscopy 
D.D.-1 
 Tubular diameter of d.d. was (3161µm) and the epithelial height 
was (56-103µm). It was constituted of four layers, mucosa, sub- 
mucosa, muscular layer and adventitia. 
 
 The mucosa was folded and covered by pseudostratified 
columnar epithelium. Two types of cells were clearly seen; basal cells 
with rounded or pyramidal nuclei and light chromatin, and columnar 
cells with oval nuclei and dense chromatin. The basal lamina was thin. 
The submucosa consisted mainly of collagen fibre, fibroblasts and 
blood vessels. The muscular tunic was three layered consisting of a 
thin inner and outer longitudinal and a thick middle circular layers.  
 
 The adventitia contained connective tissue, mainly collagenous 
fibers, fibroblasts and adipose tissue. It was highly vascular and 
contained nerve fibers (Fig.109). 
 
D.D.-2 
 There was a decrease in the tubular diameter (2640 µm) but the 
epithelial height was essentially the same (49-108µm) together with a 
decrease in the thickness of muscle layer and an increase in the 
adventia (Fig.110). 
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3-3-1-2-Electron Microscopy 
 The d.d. was lined with pseudostratified columnar epithelium. 
The tall cells extended from the base to lumen whereas the basal cells 
rested on the basal lamina. The tall cells possessed elongate nuclei 
which occupied the middle parts of cells. The basal cells were small, 
dense and irregular in shape. 
 
The whole tubule was enclosed by highly vascularized adventitia. The 
latter consisted mainly of muscle fibres (Fig.111), collagenous fibers 
(Fig.112), many fibroblasts, mast cells and nerves fibers (Fig. 113). 
     
3-3-2-Age Group 2: Week 2 
3-3-2-1-Light Microscopy 
D.D.-1 
 The basal lamina was seen clearly and adjacent to it was the 
muscular layer. The epithelial height (39-52 µm) was variable due to 
folding. 
D.D.-2 
 The tubules showed a decrease in diameter (1935 µm). 
   
3-3-2-2-Electron Microscopy 
 The adventitia showed collagenous fibres, connective tissue 
cells, nerve fibers and blood vessels (Fig.114). 
  
3-3-3-Age Group 3: Week 4 
3-3-3-1-Light Microscopy 
D.D.-1 
 The tubular diameter was decreased (1881µm) whereas the 
epithelial height (57-91µm) was increased.  
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D.D.-2  
 There was a decrease in both tubular diameter (1863µm) and 
epithelial height (48-75µm).  
 
 3-3-3-2-Electron Microscopy  
 The lateral plasma membranes were straight (Fig.115) and 
showed tight junctions and the upper luminal border carried microvilli 
(Fig.116). 
    
 The basal cells were irregularly pyramidal in shape with large 
occasionally invaginated nuclei. The small amount of cytoplasm 
showed a few organelles. The basal plasma membrane was folded 
meeting with corresponding folds in the basal lamina (Fig.117). 
 
 The columnar cells showed elongate nuclei with deep 
invaginations (Fig.118). 
 
 The cytoplasm contained a large number of vesicles, many 
round mitochondria with myelin figures, dilated profiles of R.E.R, 
free ribosomes and a band-like structure (Fig.119). Well developed 
Golgi Complex (Fig.120), microtubules running parallel to lateral 
membranes and microfilaments were seen as well.  
 
3-3-4-Age Group 4: Week 6 
3-3-4-1-Light Microscopy 
D.D.-1 
 Both tubular diameter (5418µm) and epithelial height  
(71-129µm) were increased. The muscular layer became thicker and 
the lumen became wider.  
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D.D.-2 
 The tubular diameter was decrease (2709 µm). 
  
3-3-4-2-Electron Microscopy 
 The folding of basal membrane was clearly demonstrated. 
There was a large amount of secretory material and vesicles in the cell 
cytoplasm. Muscle fibres, collagenous fibres (Fig.121), and a Pacinian 
corpuscle were observed (Fig.122).  
 
3-3-5-Age Group 5: Week 8 
3-3-5-1-Light Microscopy 
D.D. -1 
 The tubular diameter decreased (2623µm) and so was the 
epithelial height (60-92µm). The muscular layer was clearly arranged 
and closely applied to the mucosa. Dense adventitia with large blood 
vessels constituted the outermost layer.  
D. D. -2  
 There was a decrease in both tubular diameter (1666µm) and 
epithelial height (55-81µm).  
 
3-3-5-2-Electron Microscopy 
 The columnar cells showed two nucleoli, abundant profiles of 
R.E.R, mitochondria and secretory granules (Fig.123). The muscle 
fibres showed elongate nuclei, with two nucleoli, mitochondria, 
slightly dilated profiles of RER and many pinocytotic vesicles 
(Fig.124).  
 
3-3-6-Age Group 6: Week 10 
3-3-6-1-Light Microscopy  
D.D.-1 
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 The tubule became more compactly arranged and showed an 
increase in diameter (3279µm) and the muscle layer became thicker.   
D.D.-2 
The tubule showed a decrease in diameter (1935µm).  
 
3-3-6-2-Electron Microscopy 
 The columnar cells showed extensive junctional complexes and 
secretory granules (Fig.125). Abundant collagen (Fig. 126) and mast 
cells (Fig.127) were seen in the outermost layers.  
 
3-3-7-Age Group 7: Week 12 
3-3-7-1-Light Microscopy 
D.D.-1 
 There was an increase in the tubular diameter (3906 µm) as well 
as the muscle coat and the lumen looked wider. The submucosa was 
constituted mainly of collagenous fibers.   
D.D.2 
 There was a decrease in the tubular diameter (3709µm).  
  
3-3-7-2-Electron Microscopy  
 The apical surface was equipped with microvilli. Tight 
junctions along the lateral plasma membrane extended to the lumen 
(Fig.128). The cytoplasm contained abundant mitochondria and free 
ribosomes (Fig.129). Dense myelin-like structures and dense 
mitochondria-like structures with longitudinal striation confined to 
centre were observed (Fig.130).  
  
3-3-8-Age Group 8: Week 14 
3-3-8-1-Light Microscopy 
D.D.-1 
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 The D.D diameter was decreased (3429µm) and so was the 
epithelial height (44-97µm).  
D.D.-2 
 The D.D diameter underwent further reduction (2593µm) but 
the epithelial height became taller (74-144µm). 
  
3-3-8-2-Electron Microscopy 
 It was similar to the previous age. 
 
3-3-9-Age Group 9: Week 16 
3-3-9-1-Light Microscopy  
D.D.-1 
 The tubular diameter was decreased (2473µm). The muscular 
layer was rearranged into a thick inner longitudinal layer and thin 
outer circular layer.  
D.D.-2 
 It was similar to the previous stage. 
 
3-3-9-2-Electron Microscopy 
Microvilli covered the apical surface (Fig.131) and junctional 
Complexes were seen laterally (Fig.132).  Dilated cisternae of Golgi 
complex were demonstrable (Fig.133) 
  
3-3-10-Age Group 10: Week 18 
3-3-10-1-Light Microscopy 
D.D.-1 
 There was an increase in both tubular diameter (3310µm) and 
epithelial height (53-130µm). The lumen became wider and the 
adventitia appeared thicker than before.  
D.D.-2 
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 There was a decrease in the tubular diameter (3225µm) and the 
epithelial height (44-80µm).  
3-3-10-2-Electron Microscopy 
 The apical plasma membrane showed extensive folding with 
many microvilli projecting into the lumen (Fig.134). The adventitia 
was collagenous with many mast cells (Fig. 135). 
  
3-3-11-Age Group11: Week 20 
3-3-11-1-Light Microscopy 
D.D.1 
 The tubular diameter (3708µm) has increased but that of the 
epithelial height underwent a drop (51-74µm). The arrangement of the 
muscle layer maintained the same pattern as before.  
D.D.-2  
 The tubular diameter was decreased (2365µm) and the 
epithelial height (39-59µm) as well. 
  
3-3-11-2-Electron Microscopy 
 It was similar to the previous age. 
   
3-3-12-Age Group 12: Week 22 
3-3-12-1-Light Microscopy 
D.D.-1 
 The tubular diameter was increased (4569µm) but the average 
epithelial height was essentially the same (55-108µm). The lumen 
appeared wider and for the first time contained spermatozoa.  
D.D.-2 
 The tubular diameter was decreased (3440µm).  
  
3-3-12-2-Electron Microscopy 
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 Numerous microvilli covered the apical surface of the cells 
(Figs.136, 137). 
3-3-13-Age Group 13: Week 24 
3-3-13-1-Light Microscopy 
D.D.-1 
 The tubular diameter was increased (4795µm) while the 
epithelial height was decreased (55-91µm). The tubule showed wider 
lumen with spermatozoa as seen before.    
D.D.-2 
 The tubular diameter was decreased (4526µm) and so was the 
epithelial height (54-89µm) as well. 
   
3-3-13-2-Electron Microscopy 
 Active forms of cells and fully mature mast cells, as evidenced 
by the presence of numerous granules, were seen (Fig.138).     
  
3-4-THE PENIS  
3-4-1-Age Group 1: Week One 
3-4-1-1-Light Microscopy 
The Root -1 
 The diameter of the penis was (6988µm) wide. The skin was 
closely adherent to underlying tissue in which Meissner's corpuscles 
were seen.  An inner folded band encircled the corpus spongiosum 
penis (C.S.P.) and corpus cavernosum penis (C.C.P.) and consisted of 
about ten layers, mainly cuboidal cells in the centre, covered on either 
side by columnar cells and an overlying layer of connective tissue 
containing bands of smooth muscle and collagen fibres. 
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 The C.C.P. was kidney-shaped (Fig. 139) and showed a massive 
connective tissue of collagenous fibre and smooth muscle containing 
arterioles and venules. The whole structure was enclosed within a 
thick layer of fibrous tunica albuginea. 
 
 The C.S.P. was rounded in shape with a foldy urethral orifice. It 
was lined by transitional epithelium enclosed within a fibrous tunica 
albuginea.       
The Root -2 
 The diameter was small (6665µm) and the corpus cavernosum 
was oval in shape (Fig. 140). Also the epithelial band became thicker.  
 
3-4-2-Age Group 2: Week 2 
3-4-2-1-Light Microscopy 
Penis Root-1 
 The penis diameter became thicker (7310µm).The C.S.P. was 
partially surrounded by C.C.P. (Fig.141). The amount of muscle fibres 
in C.C.P. was increased.  
Penis Root-2 
 There was a decrease in penis diameter (6773µm). 
 
3-4-3-Age Group 3: Week 4 
3-4-3-1-Light Microscopy 
Penis Root-1 
 There was a further increase in the diameter of the penis 
(8815µm) and in the amount of muscular tissue in C.C.P. The skin 
was thin and contained hair follicles and sebaceous glands (Fig.142). 
The epithelial band became thicker and moved outward towards the 
skin. 
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Penis Root-2 
 The penis diameter was decreased (8493µm). 
 
3-4-3-Age Group 4: Week 6 
3-4-3-1-Light Microscopy 
Penis Root-1 
 The penis diameter was increased ((9245µm).The dermis 
showed strands of smooth muscle and the tunica dartos.  
Penis Root-2 
 The penis diameter was decreased (8708µm). 
 
3-4-5-Age Group 5: Week 8 
3-4-5-1-Light Microscopy 
Penis Root-1 
 The penis diameter increased (15050µm).The muscular 
components constituted communicating trabeculae. More folding has 
been observed in the epithelial band (Fig.143).  
Penis Root-2 
 The penis diameter was decreased (14835µm). 
 
3-4-6-Age Group 6: Week 10 
3-4-6-1-light Microscopy 
Penis Root-1 
 The penis diameter underwent a marked reduction                    
(13115 µm).The examination showed an oval C.C.P. with rounded 
C.S.P., and highly folded epithelial band (Fig.144).  
Penis Root-2 
 The penis diameter was decreased (11395 µm).  
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3-4-7-Age group 7: Week 12 
3-4-7-1-Light Microscopy 
Penis Root-1 
 The penis diameter continued its steady decrease (11395µm). 
The C.C.P. was typically kidney-shaped with thick strands of muscle 
fibres.  C.C.P. was round in shape with an irregularly folded and wide 
lumen (Fig.145).  
Penis Root-2 
 No further change except for a decrease in the root diameter 
(9675µm). 
    
3-4-8-Age group 8: Week 14 
3-4-8-1-Light Microscopy 
Penis Root-1 
 The penis measured (9836µm) in diameter. The C.C.P. was oval 
in shape with cavernae of various shapes appearing for the first time 
(Fig.146).  The diameter of C.S.P was increased and the lumen 
became wider. 
 
The epithelial band gained an increase in width and the number of 
their layers amounted to more than 15.  Folding of bands, in both 
sides, was observed. 
Penis Root-2 
 The penis diameter was increased (9783µm). 
 
3-4-9-1-Age group 9: Week 16 
3-4-9-1- Light Microscopy 
Penis Root-1 
 The penis diameter was decreased (9568µm).The kidney shaped 
C.C.P. contained numerous cavernae and dense trabeculae extending 
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from the inner surface of the tunica albuginea towards the centre 
(Fig.147). The C.S.P. was rounded in shape with a wider lumen.  
Penis Root-2 
 The penis diameter was decreased (9406µm). The epithelial 
band underwent a split into too layers; an outer layer adherent to the 
dermis of skin and an inner layer covering the tunica albuginea. 
     
3-4-10-Age Group 10: Week 18 
3-4-10-1- Light Microscopy 
 Penis Root-1 
 The diameter was decreased (9406µm). The examination at this 
age showed complete separation of epithelial band to form two layers 
as indicated above; one overlapped the penis and the other joined the 
outer skin to form the prepuce. Nerve endings and some aggregations 
of lymph nodules were seen in dermis. The C.C.P. was elongate, and 
C.S.P. was rounded or slightly oval with wider lumen. 
Penis Root-2 
 The penis diameter was decreased (9353µm).The skin covering 
the outer surface and mass of connective tissue was highly 
vascularized.  
 
3-4-11-Age Group 11: Week 20 
3-4-11-1- Light Microscopy 
Penis Root-1 
 The penis diameter was increased (12148µm). The kidney 
shaped corpus cavernosum showed trabeculae and large cavernae. The 
corpus spongiosum (CSP) showed wider urethral orifice.  
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Penis Root-2 
 The penis diameter was increased (9729 µm). It was otherwise 
similar to the previous age. 
 
3-4-12-Age Group 12: Week 22 
3-4-12-1- Light Microscopy 
Penis Root -1 
 The penis diameter was increased (14620µm). The complete 
separation has been achieved. The C.C.P. was seen as one unit without 
any sign of a medium septum.    
Penis Root-2 
 The penis diameter was increased (12148 µm). Flat cells were 
seen in the middle of the epithelial band marking the line of division 
into two layers of stratified squamous epithelium (Fig.148, 149). The 
C.C.P. was oval in shape and C.S.P. was rounded. 
 
3-4-13-Age group 13: week 24 
3-4-13-1- Light Microscopy 
Penis Root-1 
 The penis diameter was decreased (13007µm). The separation 
of the epithelial band has been completed as before (Fig.150). 
Penis Root-2 
 The diameter was decreased (11073 µm).  
 
3-5-- Concentrations of Plasma Hormones 
 The blood hormones levels before and after hCG injection are 
illustrated in table (3).  
3-5-1-The Testosterone 
 ٥٣
 The plasma level of testosterone after hCG injection was 
significantly higher (p< 0.01) than the level of the hormone before 
hCG treatment.  
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Table3. Hormones Values (mIU/l) in Nubian Male Kids Before and 
After Injection of hCG 
 
 
 
Testosterone LH mIU/l FSH  mIU/l PRL  mIU/l 
Age Before After Before After Before After Before After 
1 0.01 2.76 0.54 79.6 0.693 1.997 78.73 96.01 
2 0.95 2.05 4.2 70.6 0 2.127 135.3 118.9 
4 0.86 2.31 1.7 81.7 0 2.93 170.1 151.8 
6 0 7.25 0.4 64.3 0.623 2.357 112.9 148.8 
8 0 7.34 3.8 74.5 2.899 2.365 147.7 165.9 
10 0 10.57 2.2 95.9 0 1.011 199.9 129.5 
12 0.29 23.73 0 63.2 0 1.8 156.1 211 
14 0.18 8.93 1.01 76.18 0.319 2.545 243.1 234 
16 0 11.47 2.2 76.8 0 1.05 173.8 157.3 
18 1.52 16.57 3.2 61.1 0.005 2.267 267.5 244.6 
20 0.39 15.25 1.24 85.41 0.69 2.951 199.4 212.4 
22 0.78 30.38 4.1 83.3 0.042 2.895 221 199.3 
24 0.12 21.4 5.5 110 0 2.77 180.5 209.05
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 There was a gradual increase in the testosterone concentration 
with advancing age throughout the study period (Fig.151). 
 The most important feature in testosterone pattern of secretion, 
was the occurrence of two spikes at the age of 12 and 22 weeks. 
 
3-5-2-The Luteinizing Horomne (L H)  
Plasma luteinizing hormone concentrations before hCG 
injection showed basal levels throughout the prepubertal period (Fig. 
152). 
Significant increase was observed in LH values after hCG 
injection (P< 0.01). The pattern of LH secretion after hCG injection 
maintained levels around 70 ng/ml, with age, except for two sudden 
significant rises around 10 and 20 weeks of age. 
 
3-5-3-Follicle Stimulating Hormone (FSH) 
The result showed basal levels of plasma FSH before hCG 
injection except for a sudden rise (peak) around the age of 8 weeks    
(Fig. 153). After hCG injection FSH values were significantly (P< 
0.01) higher when compared to the values before HCG injection.   
Plasma FSH concentration followed an irregular pattern with its 
values fluctuating between 1 ng/ml and 2.95 ng/ml. High FSH levels 
were observed around 4,14and 20 weeks of age in the samples taken 
post hCG injection. 
 
3-5-4-Prolactin (PRL) 
Plasma PRL concentration showed a gradual increase with age 
reaching the peak at 18 weeks (Fig. 154). 
 
The levels before and after hCG injection showed no significant differences 
(P> 0.05). PRL secretion showed a pulsatile pattern with 
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Fig. 151 Prepubertal Plasma Testestrone Concentrations in Nubian Male 
Kids Pre- and After- Injection of Gonadotropin (hCG).
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Fig. 152 Prepubertal Plasma LH Concentrations in Nubian Male kids Pre- 
and After- Injection of Gonadotropin (hCG)
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Fig. 153 Prepubertal Plasma FSH Concentrations in Nubian Male Kids Pre- 
and After- Injection of Gonadotropin (hCG).
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Fig. 154 Prepubetal  Plasma  Prolactin Concetrations  in Nubian  Male Kids Pre- and 
After Injection  of Human Choronic  Gonadotropin. 
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peaks occurring at almost regular intervals (4-6 weeks) decreasing in 
length with age. 
 
 
3-5-5-Correlation between the Hormones 
Plasma LH and testosterone concentration after hCG treatment 
showed biphasic pattern of elevations (Figs.155, 156). Consistantly 
LH peaks preceded the testosterone elevations by two weeks (Table 4, 
5). 
 
 
Plasma FSH showed one peak at 8 weeks of age in the sample 
taken before HCG injection. This was followed in 2 weeks time by the 
first elevation of LH. 
  
 
3-5-6-Body Weight (BW) 
The result showed that body weight in Nubian male kids 
increased with age in a linear pattern starting with 2.3 kg at week one 
and ending with 13.5 Kg at 24 weeks of age (Fig. 157 and Table 6). 
 
3-5-7-Heart Girth Circumference (HG) 
Heart Girth measurements increased with age in a linear pattern, 
reaching higher values at 22 weeks of age. HG showed a strong 
correlation (P< 0.1) with age (Fig. 158 and Table 6). 
  
3-5-8-Scrotal Circumference (SC) 
SC measurement increased with age in a linear pattern reaching 
the maximum at 22 weeks of age (Fig. 159 and Table 6). There were 
strong correlations between SC and BW (P< 0.01) and between SC 
and HG   (P< 0.01). 
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3-5-9-Correlation between the Body Weight (BW), Heart Girth 
Circumference (HG), Scrotal Circumference (SC) 
 Very strong positive correlations were found between the body 
weight (BW), heart girth circumference (HG) and scrotal 
circumference (SC) (Tables, 6&7). 
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Fig. 155 Prepubertal Plasma LH, FSH and Testestrone Concentrations in 
Nubian Male kids Pre-Injection of Gonadotropin (hCG) 
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Fig. 156 Prepubertal PlasmaTestestrone, LH, and FSH Concentrations in 
Nubian Male kids After-Injection of Gonadotropin (hCG) 
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Table4: Correlations between blood testosterone, LH, FSH and 
PRL concentrations before hCG injection in Nubian male kids 
 
 Testosterone LH FSH PRL 
Testosterone 1    
LH 0.303 1   
FSH -0.362 0.049 1  
PRL 0.482* 0.266 -0.296 1 
            * Significant at p< 0.05 level (2-tailed) 
 
 
 
 
 
 
 
Table5: Correlations between blood testosterone, LH, FSH and 
PRL concentrations after hCG injection in Nubian male kids: 
 
 Testosterone LH FSH PRL 
Testosterone 1    
LH 0.178 1   
FSH 0.166 0.111 1  
PRL 0.653* -0.069 0.408 1 
           * Significant at p< 0.05 level (2-tailed) 
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Fig. 157 Body Weight  Changes  (Kg) with Age (weeks) in Nubian Male Kids
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Fig. 158 Heart-Girth Measurements (cm) with Age (weeks)  in Nubian 
Male Kids
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Fig. 159 Scrotal Circumerfrence (cm) with Age (weeks) in Nubian Male Kids
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Table6: Body Weight (kg), Heart-Girth (cm) and Scrotal 
Circumference of Nubian Male Kids 
 
Age 
(weeks) 
Body 
weight 
(kg) 
Heart-
Girth (cm)
Scortal 
Circumeference 
(cm) 
1 2.3 30.0 2.9 
2 2.8 31.0 6.5 
4 3.8 38.5 8.0 
6 6.0 45.5 7.5 
8 5.0 38.0 8.5 
10 7.1 45.3 9.3 
12 7.0 45.7 9.0 
14 9.5 47.0 9.0 
16 9.8 51.5 10.5 
18 10.8 51.5 13.3 
20 11.0 53.5 10.8 
22 11.5 52.5 13.5 
24 13.5 56.0 10.2 
 
 
 
 
 
 
 
 
Table7: Correlations between body weight (kg) heart girth (cm) 
and scrotal circumference (cm) in Nubian male kids: 
 
 BW HG SC 
BW 1   
HG 0.962** 1  
SC 0.828** 0.840** 1 
                    ** Significant at p<0.01 level (2-tailed). 
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3-5-10-Penile Separation from the Prepuce 
Penile separation started slightly at 12 weeks of age and 
continued with age till it was completely achieved between 22 and 24 
weeks of age.  
  
3-5-11-Puberty 
Based on the first appearance of spermatozoa in the 
seminiferous tubules, puberty was reached in Nubain male kids at the 
age of 22 weeks (Table. 2). 
 
At this age penile separation was completed (Fig.150), body 
weight was 11.5 kg, heart girth was 52.5 cm and scrotal circumference 
was 13.5 cm.  
3-5-12-Association of Hormonal Changes and Pubertal 
 Development of the Genital Tract of Nubian Bucks 
 The first significant elevation in FSH, LH and testosterone 
occurred between week 8 and week 12 (10-14 weeks before 
puberty).The increase of the levels of these hormones in plasma 
coincided with an abrupt increase in the diameters of the seminiferous 
tubules, the epididymis, ductus deferens, and the penis. Moreover, the 
first appearance of secondary spermatocytes and initiation of penile 
separation from the prepuce also occurred in this period. 
 However, the second surge of FSH, LH and testosterone 
occurred between weeks 20 and 24 and this was associated with the 
first appearance of spermatids, spermatozoa and completion of the 
penile separation.   
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CHAPTER FOUR 
DISCUSSION 
 
 The seminiferous tubules appeared initially in the form of loose 
structures with no lumina and surrounded by myoid cells, fibroblasts 
and collagenous fibres. Two rows of seminiferous epithelia were 
present; spermatogonia and Sertoli cells in the basal layer, and 
primary spermatocytes in the second layer. Clusters of Leydig cells 
were seen in the intertubular connective tissue. Two-weeks testis has 
shown an increase in the number of primary spermatocytes. 
 
 A gradual increase in the diameter of the tubules and epithelial 
height continued with increase of age and was especially remarkable 
during week 12 onwards. By week 18 tubular diameter measured 105 
µm. 
 
 A steady increase in the number of primary spermatocytes was 
noted on week two and continued to be so with many of them showing 
meiotic figures during week 10 i.e. secondary spermatocytes have 
now appeared. The latter became numerous by week 16. Spermatids 
appeared on week 20 and a few spermatozoa were seen on week 22. 
These became more numerous and attached to the apical cytoplasm of 
Sertoli cells of 24 weeks of age. 
 
 These findings are well in accord with the earlier findings of 
Philips and Andrews (1936) which showed the appearance of luminal 
spermatozoa in the ram testis on week 21. Nishimura, Okano, 
Yasukouchi, Gotoh, Tabata, and Iwamoto (2000), however, observed 
them in testis on week 16. Also, Colyer (1971), reported the 
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appearance of spermatogenic cells in the ram on week 17-21.  
Dyrmundsson, (1973), however, observed spermatozoa in the ram 
testis as early as week 7.  Furthermore, the lumen of the seminiferous 
tubule was formed on week 13-16 (Goyal, Ferguson and Hrudka, 
1980) and that the acquisition of adult-like characteristics by Sertoli 
cells was achieved by 13-16 week (Steger and Wrobel, 1996).  
 
           It seems then, that the appearance of luminal spermatozoa is 
subject not only to species variation but also to individual variation 
among members of the same species and possibly breeds as well. 
 
 The stage of the various cellular types in the seminiferous 
tubules of the goat agreed with those of Nishimura et al (2000).It has 
not been possible to identify the type A and B spermatogonia 
described by Osman and Ploen (1986). This could be attributed to the 
high activity of cell division during testicular development. 
 
 Although the primary spermatocytes of goats as seen in the 
present study appeared on week one onward, their appearance in the 
lamb was delayed until week 12 (Monet-Küntz, 1984). Similar to 
those of the bovine (Pelletier, Trifaro, Carbajal, Okawara and Vitale, 
1999) the cells contained numerous cytoplasmic microfilaments. 
 
 The multivesicular nuclear bodies, consisting of numerous 
vesicles, tubules and ribosome-like structures, were seen in the present 
study. Such bodies have been repoted in the bovine, boar and Shiba 
goat (Fawcett, 1975; Osman, 1978; Jurado, Kurohmaru, and Hayashi, 
1994). 
 
   The increase in the number of Sertoli cells correlates well with 
increase of age. A steady increase was noted between week one and 
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week 24. This is unlike the case with the lamb testis in which the 
number of Sertoli cells was approximately doubled between 4-6 
weeks of age, and thereafter it remained constant (Monet-Küntz 
1984). Gondos and Berndston, (1993) and Hötzel, et al, (1998) also 
noted that the cells do not undergo division after puberty. In view of 
this, it seems reasonable to assume that Sertoli cell population is 
established before puberty and thereafter they lose their ability to 
undergo mitosis. 
 
Type-A and type-B Sertoli cells are reported by (Kwon, Park, 
Lee, Yamamoto, Hosaka, Ueda, and Takehana,2002).Two types of 
junctions ; occludens and gap junctions were reported in the Sertoli 
cells of sexually mature boars (Osman, 1978). In the Sertoi cells of the 
Nubian goat from week one to 24 only half-desmosomes were 
observed, this could help in the rearrangement of dividing cells during 
development.  
    
 Sertoli cells take active part in the seminiferous epithelium 
cycle in many respects. These include: regular, precisely stage-related 
variations of structural, biochemical, and functional features that 
appear to be closely adapted to the requirements of the respective 
types of neighbouring germ cells according to (Morales and Clermont, 
1993; Parvinen, 1993 and Miething, 1998).  
 
 The boundary tissue of the newly forming seminiferous tubule 
adhered closely to the basal laminae. It consisted of one continuous 
layer of myoid cells, the outer surface of which was covered by 
scattered fibroblasts; many collagenous fibres intermingled with the 
cellular components. Except for an apparent thickness in the first layer 
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the structure is generally similar to that of the man, cat and camel 
(Ross and long, 1966; Burgos, et al 1970, Tingari, et al 1977 and 
Moniem, et al. 1980). 
 
 The myoid cells started with one layer at week one and 
increased in number with advancing age. They showed oval or 
elongated nuclei with abundant cytoplasmic organelles including 
mitochondria and dilated profiles of RER.  Filaments and pinocytotic 
vesicles were found and they were similar to those reported in the 
camel testis (Tingari et al., 1977). 
 
 
 It was found that the tunica albuginea increased in thickness 
with age (Arenas, et a.l, 1997).The presence of both fibroblast-like 
cells and smooth muscle-like cells in the tunica albuginea has been 
reported in many mammals such as the rat (Leeson and Forman, 1981; 
Santamaria, et al., 1990), dog, chinchilla, guinea-pig, hamster (leeson 
and Cookson 1974; Lesson and Forman 1981) and man (Langford and 
Heller, 1973; Arenas, et al, 1997) and smooth muscle cells are present 
in tunica albuginea  of the horse, pig and sheep (Chacon-Arellano and 
Woolley, 1980). 
 
 Based on the appearance of spermatozoa in the lumina of the 
goat seminiferous tubules, as seen in this study, and penile separation 
and attainment of maximal hormonal (testosterone, LH, FSH and 
PRL) levels, puberty is reached between weeks 18-20. Puberty within 
essentially similar events has been reported in the dwarf goat 
(Ezeasor, 1986), monkey (Dym, 1974), boar (Osman, 1979), rabbit 
(Osman, 1979), rat (Nykanen, 1979) and bull (Wrobel et al. 1982). 
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 Similarly, Nishimura, et al. (2000), working on Tokara goat 
claimed that some reproductive ability was acquired by 4 month of 
age but development of the testis continued to 12 months. 
 
 The findings of the present study showed that goat Leydig cells 
possess the general cytological features characteristic of mammalian 
Leydig cells. The interdigitating finger-like processes and the 
junctional complexes resemble those already described by earlier 
workers (Connell and Christensen, 1975; Ezeasor, 1985). 
Mitochondria, SER and Golgi complex were the prominent 
cytoplasmic organelles together with numerous lipid droplets.  
Leydig cells are known not only to play a major role in the 
differentiation of secondary sexual characteristics but also in 
maintaining the early stage of spermatogenesis; the latter depends on 
both Leydig and Sertoli cells (Prisco Marina, 2002). 
 
 The present study has shown that the epididymis of the goat 
comprises three morphologically distinct regions (head, body and tail). 
The characteristics which differentiate one region from the other 
include variation in cell types, regional differences in their 
distribution, distinctive cytological features of the principal cell, and 
changes in cell height and tubular diameter. Epididymal morphology 
at both the light and electron microscopic levels has been studied 
extensively in many species including rabbit, stallion and ram 
(Nicander, 1956), bull (Nicander, 1956; Abdel Raouf, 1960), man 
(Holstein, 1969), buffalo (Goyal and Dhingra, 1975), monkey (Ramos 
and Dym, 1977), guinea pig (Hoffer and Greenberg, 1978), camel 
(Tingari and Moniem,1979) and goat (Goyal and Willams, 1991). 
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Three cell types have been identified; apical, principal and basal 
epithelial cells. Djakiew and Jones, (1981) and Goyal and Williams, 
(1991), however, described four types; principal, basal epithelial cells, 
lymphocytes and macrophages. 
 
 As has been previously indicated, the apical cells are few 
in number and are present only in the first region of the epididymis. 
These cells lacked microvilli and contained only a few profiles of 
RER, mitochondria and Golgi complex. Nevertheless, the relative 
content exceeded that of similar cells described in other species like 
the rat (Hamilton, 1975) and the camel (Tingari and Moniem, 1979). 
The cells are neither considered absorptive nor secretory but they may 
have some role in the acidification of the epididymal plasma (Levine 
and Kelly, 1978; Goyal and Williams, 1991). 
 
 The principal cells of the goat epididymis are 
morphlogically similar to those of other mammalian species 
(Hamilton, 1975; Filckinger, Howards, and English, 1978; Tingari and 
Moniem, 1979; Amann, 1987; Robaire and Hermo, 1988; Goyal and 
Williams, 1991). They possess oval to elongated nuclei which may 
vary along the epididymal length. They extended from the basal 
lamina to the lumen showing invaginations. Two or three nucleoli 
were present. Goyal and Williams, (1991) reported two to four 
nucleoli. The distribution of chromatin was variable but a dense band 
was consistently deposited on the inner surface of the inner nuclear 
membrane. The cytoplasm showed abundant tubular mitochondria of 
different shapes being oval, round or elongate. Highly developed 
Golgi complex was demonstrated similar to that described in the goat 
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by Goyal and Williams (1991). Short and dilated cisternae of RER and 
large number of SER vesicles were present. 
  
Basal cells, like the apical cells, were poor in organelles and 
inclusions. Because of their location, one would have expected them 
to be mitotically active. Nevertheless, in the present study, and in 
accord with other reports (Hamiltion, 1975; Tingari and Moniem, 
1979; Robaire and Hermo, 1988; Goyal, 1991), mitotic figures were 
rarely encountered. This gained support from autoradiographic studies 
where thymidine uptake by the basal nuclei of mature animals has 
been found to be very limited (Clermont and Flannery, 1970; Sun and 
flickinger, 1980). 
 
 The head tubules were lined by simple columnar epithelium. 
The lateral plasma membranes were straight and held together by 
desmosomes, macula adherens, while the luminal border was 
equipped with a few microvilli.  The nucleus was elongate with some 
dense heterochromatin accumulating on the inner surface.  The 
cytoplasm was rich in organelles with the mitochondria showing 
different forms being oval, rounded and elongate and contained 
myelin figures. Also there were profiles of dilated cisternae of RER, 
well developed Golgi complex, microtubules and microfilaments. 
 
 The tail of epididymis showed tubules embedded in loose 
connective tissue. They were lined by pseudostratified columnar 
epithelium with two types of cells, columnar and basal cells. There 
was an increase in the epithelial height (41-53µm) due to differences 
in shape of segments; the proximal segment showed round cross 
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sections with round lumen whereas the distal segment showed an 
irregular lumen, which is similar to that of the ductus deferens. 
  
 The lining epithelium of both segments was constituted of high 
columnar cells and pyramidal cells. The columnar cells had elongate 
nuclei which were occasionally lobulated. The pyramidal cells were 
densely stained and had irregular nuclei. Interdigitations of apposed 
plasma membranes and extensive tight junctions were noted. 
Abundant mitochondria were seen in different forms. Well developed 
Golgi complex and profiles of RER were present as an indicator to 
cell activity. Electron lucent material was seen in abundance. 
 
 The ductus deferens was constituted of four layers, mucosa, 
submucosa, muscular layer and adventitia. The increase in both 
diameter and thickness of wall is well correlated with age. The initial 
part of the duct was wide and gradually becomes narrower. This 
applies to the wall as well, being relatively thinner distally. 
 
 The mucosa was folded and covered by pseudostratified 
columnar epithelium. The tall cells extended from the base to the 
lumen whereas basal cells rested on the basal lamina. The tall cells 
possessed elongate nuclei which occupied the middle parts of cells. 
The basal cells were small, dense and irregular in shape. The ductus 
deferens has an irregular lumen with an epithelium similar to that of 
the ductus epididymis as reported by (Ali et al., 1978; Tingari and 
Moniem, 1978; Tingari, 1989).  
 
 The whole tubule was enclosed by highly vascularized 
adventitia. The latter consisted mainly of collagenous fibers, many 
fibroblasts, mast cells and nerves fibers. The connective tissue cells 
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are numerous and were seen in different stages of maturity. The mast 
cells were demonstrated in all stages of development till maturity. 
Such cells were also demonstrated in the endometrium of the 
dromedary (Salman, 2001). 
 
The penis was studied in merino ram, lambs, wethers, bulls, 
goat and sheep (Belonje, 1965; Abdel-Raouf, 1960; Rumph and 
Garrett, 1992). Attention was exclusively given to the tip, but the root 
was completely neglected. According to this study, the penis of the 
goat increased in width and length several times which were well 
correlated with age.  Large kidney-shape structures forcasting the 
formation of corpora cavernosa penis (C.C.P.) have appeared. This 
was demonstrated as one unit not two, as described in other species 
(Abdel-Raouf, 1960). Small cylindrical structure with a lumen lined 
by pseudostratified columnar epithelium indicates the formation of the 
corpous spongiosum (cavernosum urethrae). Both corpora cavernosa 
penis and corpous spongiosum were surrounded by dense connective 
tissue capsule; a tunica albuginea. 
 
The C. C. P., at a later age has, anastomosing sinusoids 
separated by connective tissue septa (trabeculae). The sinuses were of 
different shapes and sizes and were lined by endothelium. The 
albuginea of the C.S.P. is thinner than that of the C.C.P. and contained 
more elastic fibers and circularly arranged smooth muscle fibers. 
  
 The root of penis showed an epithelial band, consisting of 
many layers which increased with age reaching 14 on week 22. The 
number of such layers in the tip of bull penis is as small as four only 
(Abdel-Raouf, 1960). The complete separation of goat penis was 
 ٧٩
achieved at 22-weeks of age. Hence the middle layer of (internal) 
epithelial band changed to squamous and became keratinized leading 
to complete separation by week 22. This finding is similar to that of 
Abdel-Raouf, (1960) and gives further support to our conclustion on 
the age of maturity being in the range of 18-20 weeks as indicated 
above. 
  
The results obtained in this study indicated that LH and 
testosterone before hCG treatment showed a very low concentration 
compared to FSH which showed high levels and reached the peak 
around week 8 of age. Prolactin levels showed progressive increase 
with age reaching maximum level at 8 weeks of age. This confirms 
that hormones levels increase from birth to puberty, and the levels 
reach higher values around puberty to reach the peak a few weeks 
after puberty (Rawlings, Hafs and Swason, 1972; Renaville et al., 
1993). 
 
The results after hCG treatment showed that the LH, FSH and 
testosterone showed significant increase with age, till it reached the 
peak around 20-24 weeks which is similar to the findings in ram 
(Doufour, et al., 1983), Siberain hamster (Meredith, Turek, and 
Levine, 1998) and in sheep (Revier, et al., 1980).  
 
This result as well showed the significant effect of hCG 
injection on FSH and testosterone. After one hour of hCG 
administration, the results showed high levels of these hormones 
which have significant correlation with age; this is similar to the 
finding of Meredith, et al., (1998). Accordingly, there is a significant 
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effect of age and this is similar to the finding of Walkden-Brown, et 
al., (1994) in Australian Cashmere Goats. 
 
This study was conducted in different seasons and the results 
were not affected by seasonal changes, since the Nubian goat is a 
tropical breed and has no seasonal changes, (Kurohmaru and Nishida, 
1987; Ritar, 1991; Walkden-Brown et al., 1994; Perez and Mateos, 
1995; Nwoha, 1996; Vera-Avila, et al., 1997; and Mudewli, Sanford, 
Palmer and Howland, 1997). 
 
The comparison between the levels of hormones before and 
after hCG injection showed that the highest levels of FSH were 
followed by LH peaks; the lowest values were shown by testosterone. 
Thus hormonal levels increased from birth onwords and reach a peak 
around the age of puberty (Rawlings et al., 1972; Courot, 1978; 
Renaville et al., 1993). This indicates that commencement of 
reproductive function in bucks has a strong correlation with increase 
in testosterone concentration in accordance with age (Berovitch, 
1993).This result is suggestive of a highly significant correlation(P< 
0.01)  between FSH and testosterone levels before and after hCG 
treatment. 
 
Concerning the findings on measurement of scrotal 
circumference, heart-girth and body weight, good correlations were 
found between these parameters and age. These body measurements 
reached their maximum at the age of puberty (22 - 24 weeks). Similar 
findings were also reported in man (Forest, Pereti and Bertrand, 
1976), monkeys (Mann, Ansari, Akinbami, Wallen, Could, and 
 ٨١
Mcclue, 1994; Lunn, Cowen, and Fraser, 1997), ram (Dun, 1955), and 
sheep (Louw and Joubert, 1964). 
 
Since the environment for the bucks used in this study was the 
same concerning feeding, management and housing, nutrition was not 
considered as a variable in contrast to other researchers who focussed 
on nutrition to be the most important factor that can affect body 
measurements in small domestic animals (Setchel, Waites and Linder, 
1965; Martin, Tjondronegore and Blackberry, 1994; and Thwaites, 
1995a). 
 
For the determination of age of puberty, signs of 
commencement of spermatogenesis was considered in this study as 
indicated above. Thus, puberty in Nubian bucks was reached at 22 
weeks of age. Moreover, penile separation was also completed at the 
same age. Similar findings have been reported on measurement of 
scrotal circumference, heart girth, and body weight in other breeds of 
goat and sheep which were indicative of puberty to be at the age 
between 18 and 22 Weeks. However, other breeds of goat and sheep 
reach puberty between 16 and 21 Weeks (Louw and Joubert, 1964). 
Dyrmundsson (1973) noticed that there were great differences in age 
of puberty and body weight between ram lambs of various breeds of 
sheep. Large animals are said to reach puberty at the age between 23-
26 weeks (Abdel Rahim, 1997). 
 
In the present study signs of puberty in the Nubian bucks 
appeared around 22-24 weeks of age. Maturity would be achieved a 
few weeks later reaching up to one year of age (Renaville et al., 
1993). 
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The two pituitary gonadotropins, FSH and LH, are necessary 
for maintenance of the gonadal functions in the male through the 
stimulation of spermatogenesis. Full spermatogenesis can not be 
accomplished without the effect of LH, known as interstitial cell 
stimulating hormone (ICSH), which facilitates the production of 
testosterone from the interstitial cells of the testes. 
 
The prolactin has not been demonstrated to have specific effect 
in male reproduction or response to hCG injection, but in general, it 
was known to lower the blood pressure (Haenlein, 1992).  
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Figure.1.1a.Testis.The seminiferous tubule.The second row consists  
  of primary spermatocytes (arrow). 320X. 
  
 
 
 
 
Figure.1.1b.Testis.The seminiferous tubule showing spermatogonium 
 with nucleus (N), basal lamina (BL) and muscle cells 
 (MC). 22250 X. 
 
 
 
 
 
Figure.2.The seminiferous tubule showing spermatogonia (Spg), 
nuclei (N), nucleolus (Nu), Sertoli (Sert) cell nucleus (N), 
and basal lamina (BL).5500X. 
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Figure.3. Group of Sertoli cells (Sert) showing nuclei (N), and    
nucleolus (Nu), abundant mitochondria and spermatogonia 
(Spg). 7250 X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.4. Sertoli cell (Sert) observed enclosed with spermatogonia      
(Spg).13000 X. 
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Figure.5. Spermatogonium showing abundant mitochondria (M), 
Golgi complex (G) and foldy lateral membrane (arrows 
head) with half-desmosomes (arrow). Sertoli cells (Sert) 
showing nucleus (N), and SER. 71250 X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.6. Seminiferous tubule showing spermatogonium (Spg), 
nucleus (N) and basal lamina (BL). 5500X. 
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Figure.7. Spermatogonium nucleus (N) showing deep infolding 
(arrow) with mitochondria (M). 52500 X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.8. Spermatogonium (Spg) showing abundant RER in a form of 
concentric lamelle and mitochondria (M). 16500 X. 
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Figure.9. Basal lamina (BL), Sertoli cells (Sert) and Spermatogonia 
(Spg) are seen, with nuclei (N), nucleolus (Nu), Golgi 
complex (G) and mitochondria (M). 16500 X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.10. Spermatogonium (Spg) showing SER, RER, mitochondria 
(M) and electron-lucent spherical bodies (arrow). 71250 X. 
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Figure.11. Sertoli cell showing nucleus (N), nucleolus (Nu) and lipid 
droplets (LD). Spermatogonia (Spg) with nucleus and Golgi 
complex (G). 22250 X. 
 
 
 
 
 
 
 
 
 
 
Figure.12. Sertoli cell (Sert) with mitochondria (M) containing 
myelin figures (arrow head) and half-desmosomes 
(arrow).53750 X. 
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Figure.13. Sertoli cell (Sert) with lipid droplets (LD), small Golgi (G), 
and basal lamina (BL). 16500. X. 
 
 
 
 
 
 
       Figure.14a. There is an increase in number of primary        
 spermatocytes (arrow). 320X.       
 
 
 
 
 
 
 
 
Figure.14b. Seminiferous tubule showing spermatogonia(S
 muscle cells (MC) and basal lamina (BL). 3000 X. 
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Figure.15. Seminiferous tubule showed spermatogonia (Spg), Sertoli 
cell (Sert), muscle cells (MC), fibroblasts (FC) and basal 
lamina (BL). 7250 X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.16. Sertoli cell showing mitochondria (M), SER and vacuoles 
(V). 97500 X. 
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Figure.17. Sertoli cell (Sert) with a nucleus (N), and nucleolus (Nu). 
16500 X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.18.The intertubular tissue showing Leydig cell (LC), muscle 
cells (MC) and fibroblasts (FC). 15300X. 
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Figure.19a.The primary spermatocytes increased in number 
(Arrow head) with light cytoplasm and large nuclei  
 showing meiotic figures  (arrow). 640X. 
 
 
 
 
 
Figure.19b.Seminiferous tubule showing spermatogonia (Spg), Sertoli 
cell (Sert) and basal lamina (BL). 15300 X. 
 
 
 
 
 
 
Figure.20. Spermatogonia (Spg) containing elongate mitochondria 
(M), RER and microtubules (arrow). 38750 X. 
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Figure.21. Spermatogonia (Spg) showing centrioles (arrows),   
tonofilaments (TF) and basal lamina (BL). 52500 X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.22. Primary spermatocyte (Spc) containing a well developed 
Golgi Complex (G) and microtubule (arrow head). 52500 X. 
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Figure.23. Primary spermatocytes (Spc) with numerous long cisternae 
of RER, mitochondria (M) and lipid droplets (LD). 28750 X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.24. Sertoli cell (Sert): note the spherical nucleus (N), nucleolus 
(Nu) and dilated SER. 22250 X. 
 
 
 
 
 
 
 ١١٦
 
 
 
 
 
 
Figure.25. Sertoli cell (Sert) resting directly on the basal lamina (BL). 
5500 X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.26. Sertoli cell (Sert), primary spermatocytes (Spc), 
spermatogonia (Spg) and basal lamina (BL). 25200 X. 
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Figure.27. Sertoli cell (Sert) illustrating the presence of two nuclei 
 (N), Golgi Complex (G), mitochondria (M) and lipid droplets 
 (LD). 13000 X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.28. Sertoli cell (Sert) and Primary spermatocytes (Spc) with 
folded lateral membrane (arrow). 28750 X 
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Figure.29. Sertoli cell showing mitochondria (M), SER and free 
ribosomes.52500 X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.30. Primary spermatocytes showing mitochondria (M), lipid 
droplets (LD) and microtubules (arrow). 52500 X. 
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Figure.31.Clusters of Leydig cells (LC) together with fibroblasts (FC)  
  are seen. 9750 X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.32 Leydig cell (LC) showing nucleus (N), abundant organelles, 
 mitochondria (M)  and lipid droplets (LD), and fibroblasts (FC). 
 13000 X. 
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Figure.33a. Secondary spermatocytes have now appeared (arrow)
 320X.   
 
 
 
 
 
 
 
Figure.33b. Primary spermatocytes showing dilated cisternea of  
  RER, mitochondria (M) and a Golgi Complex (G).  
  55800 X. 
 
 
 
 
 
Figure. 34a. The primary spermatocytes have a light cytoplasm and  
  showed many meiotic figures (arrow)  indicative of cell  
  division. 320X. 
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Figure.34b. Sertoli cell (Sert) and Primary spermatocytes (Spc) 
 undergoing division. Spermatogonia (Spg) and basal l
 amina (BL) are seen. 17400X 
 
 
 
 
 
Figure.35.Secondary spermatocytes with dense nuclei and many 
 organelles and lipid droplets. 12000 X. 
 
 
 
 
 
 
Figure.36. Secondary spermatocytes actively dividing. 6250X. 
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Figure.37. Spermatogonium (Spg) with nucleus, nucleolus (Nu), 
multivesicula bodies, basal lamina (BL) and three layers of 
myoid cell (MC). 28800 X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.38. Fibroblasts with long cytoplasmic processes. 11400 X. 
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Figure. 39a. A few spermatids have now appeared (arrow head)  
  together with many secondary spermatocytes   
  (arrow). 640X. 
 
 
 
 
 
 
Figure.39b. Spermatogonium (Spg) showing large lipid droplets  
  (LD) (arrow). 174000 X. 
 
 
 
 
 
 
 
Figure .40a. A few spermatozoa have now appeared (arrow head).   
   640X. 
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Figure.40b. A secondary spermatocytes and a spermatid are seen.  
  99000 X 
 
 
 
 
 
 
Figure.41. Secondary spermatocytes and spermatid in the 
 Golgi phase (arrow head). 14500X. 
 
 
 
 
 
 
Figure.42. Spermatid showing dense marginal chromatin (arrow  
  head). 22250 X. 
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Figure.43. Spermatid in the late acrosomal phase (arrow head).  
28750 X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.44. Spermatid in the maturation phase (arrow head). 594000 X. 
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Figure. 45a. Spermatids and spermatozoa, attach to the apical   
  cytoplasm   of Sertoli cells (arrow). 1280X. 
 
 
 
 
 
 
Figure. 45b. Spermatid in the maturation phase (arrow head) with  
   secondary spermatocytes (Spc). 408000X 
 
 
 
 
 
Figure. 46a.The tubules of the head of epididymis are lined with  
   pseudostratified columnar epithelium. 320X. 
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Figure. 46b.The head of epididymis showing foldy lateral   
   membrane (arrow) with mitochondria (M), RER,  
   free lipid (FL) and vacuoles (V).  52500 X. 
 
 
 
 
 
Figure.47. The head of epididymis with long cilia.22250X. 
 
 
 
 
 
 
Figure.48.The head of epididymis constituted of three types of cells, 
 principal (PC), apical (AC), basal cells (BC) and muscle 
 (MC) cells. 14500 X. 
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Figure.49.Two or three nucleoli (Nu) are present in the nuclei (N)  
  principal cells.    7500X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.50.The cytoplasm of principal cells contains abundant tubular  
  mitochondria (M) of different shapes being oval, round or 
  elongate and free lipid (FL). Nuclear (N).5250X. 
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Figure.51. The principal cell showing nucleus (N), nucleolus (Nu), 
 RER and Golgi Complex (G). 59400X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.52. The head of epididymis showing the three types of cells 
 and the basal lamina.14500X. 
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Figure.53.The principal cells (PC), basal (BC), and muscle (MC) cells 
 are seen with basal lamina (BL). 59400X. 
 
 
 
 
 
Figure.54a. Tubular structures appeared more compact than before.  
  640X. 
 
 
 
 
 
 
Figure.54b.The principal cells (PC) contain free lipids (FL), 
 mitochondria (M) and foldy lateral membranes (arrow). 
 38750X. 
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Figure.55a. The tubules showed two levels of nuclei, the basal   
  pyramidal or rounded (arrow) and elongate central   
  ones (arrow head). 640X. 
 
 
 
 
 
Figure.55b. The nuclei of principal cells showing variation in shape  
 with deeper invagenation. 13000X. 
 
 
 
 
 
 
Figure.56. The principal cells showing nuclei (N), with deeper 
 invagenation (arrow) and nucleolus (Nu). 25200X. 
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Figure.57. The principal cells showing free lipids (FL) around the 
 nuclei (N).25200X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.58. Mitochondria (M) showing myelin figures (arrow) and 
 microtubule (arrow head). 38750X. 
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Figure.59. The principal luminal surface showing cilia (arrow) with 
 junctional complexes and mitochondria.38750X. 
 
 
 
 
 
Figure.60a. Epithelial nuclei are arranged in two levels; those of  
   columnar cells (head arrow) and further down of  
   the basal cells (head arrow). 1280X. 
 
 
 
 
 
Figure.60b. The principal luminal surface showing sterocilia and  
  bleb-like irregular cytoplasmic projection (arrow).  
  21250X. 
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Figure.61. The principal cell containing a massive Golgi Complex 
 (G). 38750 X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.62. The head of epididymis with dense muscle layers (MC). 
 10200 X. 
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Figure.63a. The nuclei became elongate and occupied about two  
   thirds  of the cellular cytoplasm. Light areas were  
   seen in the  infra- and  supranuclear cytoplasm.  
   640X. 
 
 
 
 
 
Figure.63b. The principal cell showing Golgi Complex (G), RER  
  and free lipid (FL). 159000 X. 
 
 
 
 
 
Figure.64.The apical (AC), principal (PC), and basal (BC) cells are 
 seen with free lipid (FL) and lumen (L). 17400X. 
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Figure.65. The apical showing junctional complexes laterally (arrow 
 head) and centrioles (arrow). 66000 X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.66. The principal cell with Kino cilia (arrow head).  
  69000 X. 
 
 
 
 
 
 
 ١٣٧
 
 
 
 
 
Figure.67a. The luminal border of principal cells carries cilia (head  
  arrow). 1280X. 
 
 
 
 
 
Figure. 67b. Lateral plasma membrane showing junctional   
  complexes (arrow head) and a basal body (arrow).  
  52500 X. 
 
 
 
 
 
Figure.68. The principal cell nuclei (N) located towards the apical 
 cytoplasm. Muscle cells (MC) and secretion (S) are seen.  
 7375X 
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Figure.69. The principal cells showing nuclei (N) with deeper 
invagenation (arrow) and muscle cells (MC). 13000 X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.70. The principal cells showing nuclei (N), free lipid-like areas 
in the apical and basal cytoplasm and lumen (L).14500X 
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Figure.71. Lipid-like electron lucent structures (S) and foldy lateral 
membrane (arrow head) are illustrated in the principal cell. 
150000X 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.72. The Body of Epididymis tubule (arrow) are lined by 
columnar cells, with oval nuclei. 192X. 
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Figure.73. The body of epididymis tubules are lined by simple 
columnar epithelium. 8500X. 
 
 
 
 
 
 
 
 
 
 
Figure.74. The lateral plasma membranes are straight and held 
 together by desmosomes and macula adherens (arrow). RER      
 (arrow head) and lysosome (L) are seen. 9750X.   
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Figure.75. The mitochondria (M) are of different forms, being oval, 
 rounded and elongate and contained myelin figures. RER is
 seen also. 71250X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.76. Columnar cell: Profiles of dilated cisternae of RER, well 
 developed Golgi complex (G), microtubules and microfilaments 
 (arrow head) and mitochondria with myelin figures (arrow) are 
 seen.38750X. 
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Figure.77a. Lightly stained areas of cytoplasm accumulate in apical 
 and basal parts of the cell. 320X. 
 
 
 
 
 
 
Figure.77b. Columnar cell: Apposed lateral plasma membranes are 
 partly straight and  partly folded (arrow) and held together 
 by junctional complexes and desmosomes. A large amount 
 of free lipid (FL) is observed in the cytoplasm.28750X. 
 
 
 
 
 
 
 
Figure.78. The luminal surface (L) of lining columnar cells with a  
 few  cilia (arrow).22250X. 
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Figure.79a. The cells are columnar in shape and the nucleus 
 occupies most of the cytoplasm. 640X. 
 
 
 
 
 
Figure.79b. This stage (8 weeks) is characterized by the presence of 
 free lipid (FL) and lipid droplets (LD) in the cytoplasm.          
 37500X. 
 
 
 
 
 
 
 
Figure.80. Numerous microtubules (arrow head) and filaments (arrow) 
 are seen in the cytoplasm.52500X. 
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Figure.81. The luminal parts of neighboring lateral plasma membranes 
 are not closely apposed to each other (arrow).28750X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.82. The columnar cell showing nucleus (N), nucleolus (Nu) 
 and Free lipid (FL) areas. 9750X. 
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Figure. 83a.Colloid-like material is seen in the lumen (arrow).640X. 
 
     
 
 
 
 
Figure.83b. The columnar cells showing elongate nuclei and their 
 apical border which also carried ccilia (head arrow). 
 8500X. 
 
 
 
 
 
 
 
Figure.84a. The tubules became compact.320X. 
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Figure.84b. The columnar cells showing nuclei (N), nucleolus (Nu),  
 nuclear lobulation and basal lamina (BL). 14500X. 
 
 
 
 
 
 
 
Figure.85. The body tubule showing nuclear lobulation. Lumen and 
 basal lamina. 14500X. 
 
 
 
 
 
 
 
Figure.86. At week 24 the muscular coat became thicker. 8500X. 
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Figure.87. The proximal segment showing round cross sections with 
 round lumen. 80X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.88. The distal segment showing an irregular   lumen and is 
 continued by ductus deferens. 32X. 
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Figure.89. The lining epithelium of both segments (proximal and 
 distal) was constituted of  high columnar cells and pyramidal 
 cells. 14500X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.90. Interdigitations of apposed plasma membranes have been 
 seen  (arrow). 38750X. 
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Figure.91. Extensive tight junctions are noted (arrow head) with cilia (
 arrow).28750X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.92. Well developed Golgi complex (G) and interdigitations are 
 present (arrow). 28750X. 
 
 
 
 
 
 
 
 
 
 
 
 ١٥٠
 
 
Figure.93. RER, free ribosomes, mitochondria (M), and Golgi 
 complex  (G) are seen in the columnar cell. 38750X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.94. The apical surface showing a highly folded areas together 
 with cilia (arrow head) and microvilli. Tight junctions are seen 
 (arrow). 28750X. 
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Figure.95. Large irregular mitochondria (M) have been seen with 
 profiles of RER (arrow head)  in the columnar cell. 52500X. 
 
 
 
 
 
 
 
 
 
 
Figure.96. A well developed Golgi complex (G) has been seen with 
 bounded bodies (arrow head) in the columnar cell.28750X. 
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Figure.97. The nucleus (N) is elongate with three nucleoli (NU) in the 
 columnar cell. 22250X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.98. The columnar cell showing clumps of  chromatin (arrow  
  head)  indicative of cell division. 22250X. 
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Figure.99. Golgi complex (G) is seen together with mitochondria 
 (M) and vacuoles (V) in the columnar cell. 71250X.   
 
 
 
 
 
 
 
 
 
 
 
Figure.100. A massive Golgi complex(G) is seen coursing 
 lengthwise  in the cellular cytoplasm, mitochondria (M) 
 showing myelin figures (arrow head) with microtubules  
(arrow) in the columnar cell. 28750X. 
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Figure.101. Abundant RER and mitochondria with myelin figures 
 (arrow) is seen in the columnar cell. 22250X. 
 
 
 
 
 
 
 
 
 
Figure.102. A large Golgi complex (G) is seen in the columnar cell. 
 92500X. 
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Figure.103.The basal cells (BC) nuclei are pyramidal or round, 
 whereas the columnar cells nuclei are elongated. 9500X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.104.The apical surface showed dense long microvilli  
(arrow) and tight junctions (arrow head).46500X. 
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Figure.105. The lateral plasma membranes appeared to constitute 
 a four-layered wall (arrow). A large Golgi complex (G)  and 
 mitochondria (M) is seen the columnar cell. 65000X. 
 
 
 
 
 
 
 
 
 
 
Figure.106. Transverse sections across the tail tubules showing the  
wide  variation in nuclear (N) shape and lobulation. 
9500X. 
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Figure.107. A few number of lysosomes (arrow) and Golgi 
 complex (G) are seen in the columnar cells. 65000X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.108. The intertubular tissue showing collagen fibers (arrow). 
 6000X. 
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Figure.109. The ductus deferens constituted of four layers: mucosa, 
 sub- mucosa, muscular layer (arrow) and adventitia (A). 32X. 
 
 
 
 
 
 
 
 
 
 
Figure.110. The ductus deferens showing a decrease in the thickness 
 of muscle  layer (arrow).32X. 
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Figure.111. The muscle cells (MC) showing nuclei (N), and nucleolus 
 (Nu). 22250X.  
 
 
 
 
 
 
 
 
 
 
Figure.112.The adventitia consisted mainly of collagenous fibers  
  (arrow). 16500X. 
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Figure.113.The adventitia showed nerves fibers (N). 16500X. 
 
 
 
 
 
 
 
 
 
 
Figure.114. The adventitia (A) showing collagenous fibers, connective 
 tissue cells, nervous tissue and blood vessels.13000X. 
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Figure.115.The lateral plasma membranes of the columnar cells are 
 straight. Abundant  mitochondria (M), RER and numerous 
 filaments are seen in  the cytoplasm (arrow). 38750X.  
 . 
    
 
 
 
 
 
 
 
 
Figure.116. The apical surface of the columnar cells showing long 
 microvilli (M) and tight  junctions (arrow). 22250X. 
. 
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Figure.117. The basal lamina (BL) of basal cells is folded (arrow). 
 9750X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.118. The columnar cells showed elongate nuclei with deep 
 invaginations (head arrow) and nucleolus (Nu).16500X.  
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Figure.119. The columnar cells cytoplasm containing many round  
  mitochondria (M), dilated profiles of R.E.R, and a 
 band-like structure (arrow). 28750X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.120. Well developed Golgi Complex (G) is seen the columnar  
  cells . 22250X. 
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Figure.121.There is a large amount of secretory material, vesicles in     
  basal cells. Muscle cells (MC) and collagenous fibers are  
  seen.13000X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.122.Nervous tissue (NT) showing a Pacinian corpuscle   
  (arrow). 7250X. 
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Figure.123. The columnar cells showing nuclei (N) with two nucleoli  
 (Nu).  Abundant  profiles of R.E.R, and mitochondria (M) are 
 seen. 16500X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.124.The muscle cells showing elongate nuclei (N), with two 
 nucleoli (Nu), and  many pinocytotic vesicles (arrow). 16500X. 
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Figure.125.The columnar cells (CC) showing extensive junctional 
 complexes (arrow) towards the lumen (L). 3000X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.126. Abundant collagen (arrow) is seen. 28750X. 
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Figure.127.The mast cells (MC) showing nuclei (N) and small 
 granules (arrow). 9750X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.128.The apical surface of the columnar cells is equipped with 
 microvilli (Mi). Tight junctions along the lateral plasma 
 membrane extending to  the lumen (arrow) are seen with 
 mitochondria (M).  46500X. 
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Figure.129. The cytoplasm of the columnar cells showing abundant 
 mitochondria (M), and  vesicles (arrow).49500X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.130. Dense myelin-like structures (arrow) and 
 mitochondria-like  structures with longitudinal striation 
 confined to centre (arrow head) are observed. 92500X. 
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Figure.131. Microvilli (Mi) covered the apical surface, and junctional 
 are seen laterally (arrow). 57500X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.132.The lumen (L) and dense junctional are seen laterally 
 (arrow). 24000X. 
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Figure.133. Dilated cisternae of Golgi complex (G) (arrow) are 
 demonstrable. 52500X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.134.The apical plasma membrane showed extensive folding 
 (arrow head), tight junctions (arrow) with many microvilli (Mi). 
 16500X. 
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Figure.135.The mast cell (MC), with many granules (arrow) are seen. 
 24000X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.136.Numerous microvilli (Mi) cover the apical surface of the 
 columnar cells. Note the  junctional complexes (arrow). 
 24000X. 
. 
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Figure.137. Note the presence of microvilli (Mi) on the apical surface 
and  junctional complexes (arrow). 41500X. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.138. Active forms of cells and fully mature mast cells (MC) are 
 seen,  as evidenced by the presence of numerous granules 
 (arrow). 16500X.  
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Figure.139. The corpus cavernosum penis (CC) is kidney-shaped 
 with a foldy urethral orifice (arrow) both of them are 
 surrounded with epithelial band.64.00 X. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.140. The corpus cavernosum penis (CC) is oval in shape 
 and  the epithelial band became thicker (arrow). 64.00 X 
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Figure.141.The C.S.P. (CS) was partially surrounded by C.C.P. (CC)  
 64.00 X 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.142.The skin is thin (arrow head) and contained hair follicles 
 and sebaceous glands (SG). The epithelial band (arrow) is seen.  
 64.00 X 
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Figure.143.The muscular components in the corpus cavernosum (CC) 
 constitute the communicating  trabeculae. More folding has 
 been observed in the epithelial band surround both (CC) and 
 (UO).  64.00 X 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.144. Note the oval C.C.P. (CC) with rounded C.S.P. (CS), and 
 highly folded epithelial band. 64.00 X 
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Figure.145. The C.C.P. (CC) is kidney shaped with thick strands of 
 muscles.  C.S.P. is round in shape with an irregularly folded 
 (UO) and wide lumen. 64.00 X. 
  
 
 
 
 
 
 
 
 
 
 
Figure.146.The C.C.P (CC) is oval in shape with cavernae of various 
 shapes appearing for the first time.  64.00 X. 
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Figure.147. The kidney shaped C.C.P. (CC) contains numerous 
 cavernae (arrow).  The C.S.P. (CS) is rounded in shape with a 
 wider  lumen. 64.00 X. 
 
 
 
 
 
 
 
 
 
 
Figure.148. Flat cells are seen in the middle of the epithelial band 
 (arrow) marking the line of division into two layers of stratified 
 squamous epithelium. 400.00X. 
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Figure.149. Division into two layers of stratified  squamous 
 epithelium has started (arrow). 40000X. 
 
 
 
 
 
 
 
 
 
 
 
Figure.150. Complete separation of epithelium band has been 
 completed (arrow). 640X. 
 
 
 
 
 
 
 
 
 
 
 
